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PREFACE 


The  general  purpose  of  this  study  was  to  expand  existing  biological  and 
physlcal/chemlcal  data  for  the  St.  Marys  River  to  monitor  possible  environmental' 
changes  associated  with  winter  navigation-related  activities  (l.e.  dredging,  ice 
breaking,  winter  ship  movements) .  The  data  may  also  be  used  to  assess  the 
impacts  of  an  extended  navigation  season  to  31  January  ±,  2  weeks.  Field  data 
were  gathered  during  February  through  November  1981  to  supplement  data  taken 
during  1979  and  1980.  In  addition  to  sampling  within  navigated  sections  of 
the  St.  Marys  River,  a  non-navlgated  portion.  Lake  George,  was  studied  as  a 
potential  control  site. 

This  report  contains  data  on  the  following  topics:  benthic  macroinverte¬ 
brates;  aquatic  macrophytes;  Ichthyoplankton;  juvenile  and  adult  fish;  sediment 
chemistry  of  shipping  vs.  non-shipping  channels;  winter  sedimentation  rates; 
and,  physical  and  chemical  aspects  of  water. 

Potential  effects  of  winter  navigation  activities  are  of  special  concern 
in  narrow  channel  areas  of  connecting  waters  of  the  Great  Lakes.  Channel  areas 
adjacent  Neebish  Island  on  the  St.  Marys  River  may  be  subjected  to  alteration 
if  winter  navigation  programs  are  enacted.  An  understanding  of  the  biological 
systems  within  these  waters  is  necessary  for  valid  impact  assessments  to  be 
made.  The  present  study  Increases  significantly  our  knowledge  of  annual 
variations  in  the  system,  and  aids  in  understanding  the  biological  systems 
within  both  shipping  and  non-shipping  stretches  of  the  St.  Marys. 

During  1981  the  environmental  monitoring  program  was  extended  to  Include 
data  collections  during  1982  and  1983,  and  was  expanded  to  include  several 
other  sites  along  the  river.  Many  sampling  techniques  described  in  this  report 
are  now  being  employed  at  other  channel  areas  as  well  as  at  established  stations. 
New  studies  involving  fish  distribution  patterns  are  also  now  incorporated.  In 
addition,  present  plans  by  the  U.S.  Army  Corps  of  Engineers  Include  an  extension 
of  the  shipping  season  to  January  31,  +  2  weeks,  beginning  in  1987.  Thus,  a 
significant  set  of  pre-project  data  involving  collections  carried  out  during 
1979  to  late  1983  will  be  available  as  baseline  Information  to  help  resolve 
and  shed  light  on  potential  Impacts  on  the  St.  Marys  River. 

This  report  was  submitted  in  fulfillment  of  contract  number  14-16-0009-79-013 
by  the  Department  of  Fisheries  and  Wildlife,  Michigan  State  University,  under  the 
sponsorship  of  the  Office  of  Biological  Services,  U.S.  Fish  and  Wildlife  Service. 
Funding  was  provided  by  the  U.S.  Army  Corps  of  Engineers,  Detroit  District 
Office. 
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EXECUTIVE  SUMMAKY 


r 


Proposals  to  extend  the  Great  Lakes  comnercial  shipping  season  to  Include 
winter  months  have  been  considered  since  the  1960 's  by  the  United  States  Army 
Corps  of  Engineers.  A  limited  winter  shipping  program  conducted  during  the 
1970' s  demonstrated  that  channels  and  locks  could  be  kept  open  even  during 
severe  winter  conditions.  Environmental  changes  resulting  from  winter 
navigation  activities  are  of  major  concern  in  the  narrow  connecting  waters  of 
the  Great  Lakes  such  as  the  St.  Marys  River  system.  Recent  proposals  for  the 
upper  Great  Lakes  would  extend  the  commercial  navigation  season  to  January  31, 

+  2  weeks  beginning  in  1987. 

Comprehensive  ecological  information  for  the  St.  Marys  River  was  lacking 
prior  to  the  late  1970's,  and  baseline  environmental  studies  on  the  St.  Marys 
River  were  begun  in  1979  by  the  Department  of  Fisheries  and  Wildlife,  Michigan 
State  University,  through  contract  arrangements  with  the  United  States  Fish 
and  Wildlife  Service  and  Army  Corps  of  Engineers.  Studies  were  extended  during 
1980  to  provide  biological  information  on  shallow  and  deep  water  habitats  to 
help  determine  environmental  effects  of  re-dlstributlon  of  sediments  that 
could  result  from  winter  navigation  activities.  Two  comprehensive  research 
reports  were  completed  prior  to  the  present  submittal  and  are  available  to 
Interested  parties. 

A  second  extension  of  the  original  studies,  reported  herein,  was  granted 
in  early  1981  for  the  period  1  February  1981  through  31  March  1982.  The  overall 
goal  of  this  study  was  to  provide  further  quantitative  and  qualitative  limno> 
logical  and  biological  information  from  the  St.  Marys  River  to  help  monitor/ 
assess  impacts  from  winter  navigation.  Emphasis  was  placed  upon  replicating 
techniques  used  in  earlier  studies  in  near-channel  and  nearshore  environments 
to  observe  possible  annual  variations  of  existing  pre-project  conditions.  Also, 
a  new  environment.  Lake  George,  was  studied  simultaneously  with  other  sites 
on  the  St.  Marys  to  examine  ecological  conditions  in  a  non-shipping  channel  as 
well  as  in  shipping  channels.  A  further  expansion  of  studies  was  contracted 
beginning  in  fall,  1981,  and  those  studies  are  now  on-going  and  are  expected  to 
continue  through  1983,  with  1984  being  a  write-up  year. 


BENTHIC  MACROINVERTEBRATES 

Benthic  macroinvertebrate  sampling  was  aimed  at  two  objectives.  The  first 
was  to  determine  the  extent  of  annual  variation  exhibited  by  the  benthos  at  a 
specific  site.  Sampling  methods  employed  in  1979  were  replicated  at  Navigation 


x 


Courses  7  end  9  during  1981  Including  sampling  apparatus  (PONAR  grab)»  replica¬ 
tion  (60  samples) »  snd  time  of  sampling  (June  and  September) . 

The  second  objective  was  to  compare  the  fauna  inhabiting  part  of  the  river 
presently  used  for  navigation  with  a  similar  environment  not  used  for  commercial 
navigation.  Sampling  was  conducted  bimonthly  from  April  through  December  in 
Lake  George  and  Navigation  Course  5  (Lake  Nicolet).  On  each  of  five  sampling 
dates-  triplicate  PONAR  grab  samples  were  collected  from  the  three  meter  depth 
cone  while  triplicate  Ekman  grab  and  Gerking  samples  were  collected  from  within 
the  vegetated  littoral  zone  of  each  area. 

Abundance  of  Invertebrates  from  Navigation  Courses  7  and  9  ranged  from 
2y016/m^  to  22,340/m^  outside  the  navigation  channel.  Within  the  navigation 
channel  abundance  was  significantly  less  and  ranged  from  980  to  4,186/m^. 
Chlronomldae  larvae  were  the  predo^nant  taxa  comprising  55.5  -  59.9%  of  the 
total  benthos.  In  all*  87  taxa  were  Identified  in  samples  from  these  two 
navigation  courses.  In  addition  to  Chlronomldae,  Ollgochaeta,  Ephemeroptera, 
Amphipoda,  Isopoda,  and  Trlchoptera  were  considered  common. 

Abundance  of  total  benthos  was  greater  at  all  sites  in  1981  than  1979.  At 
Navigation  Course  7  abundances  found  in  June  and  Sentember  1981  were  132%  and 
122%  those  recorded  during  the  same  period  in  1979.  At  Navigation  Course  9 
total  benthos  abundance  during  June  1981  was  235%  that  found  in  June  1979. 
Abundance  of  total  benthos  at  Course  9  was  almost  equal  during  both  years  in 
September.  Changes  in  the  taxonomic  composition  of  the  benthos  at  Courses  5, 

7  and  9  from  1979  to  1981  occurred,  but  were  restricted  to  genera  of  Chiro- 
nomldae . 

Average  abundance  of  total  benthos  at  the  three  meter  depth  of  Course  5 
(13,771/m^)  was  greater  than  that  found  in  Lake  George  (9,084/m^).  Within 
vegetated  littoral  zones  averages  of  total  benthos  were  similar  in  Course  5 
(18,506/m^)  and  Lake  George  (17,913/m^).  While  statistically  significant, 
differences  among  these  sites  exhibited  no  consistent  pattern. 

Eighty-two  taxa  were  found  in  Course  5  and  seventy-five  taxa  in  Lake 
George;  of  these,  fifty-nine  taxa  were  common  to  both  sites.  In  Course  5 
Chlronomldae  comprised  55.4%  and  57.3%  of  the  benthos  at  the  three  meter  depth 
and  in  the  littoral  zone,  respectively.  The  second  most  abundant  taxon  in 
Course  5  were  Ollgochaeta.  In  Lake  George  Chlronomldae  comprised  46.1%  of 
the  total  benthos  at  the  three  meter  depth  and  44.6%  in  the  vegetated  littoral 
zone.  However,  the  second  most  abundant  taxon  was  Ephemeroptera.  Also, 
mollusks  (pelecypods  and  gastropods)  were  more  common  in  Lake  George  than 
Course  5. 

Estimates  of  benthic  secondary  production  for  15  common  taxa  were  similar 
among  Course  5  and  Lake  George  when  both  habitats  were  considered.  Benthic 
secondary  production  at  the  three  meter  depth  and  littoral  zone  of  Course  5  was 
10,704  and  11,318  mg/m^/yr,  respectively.  In  Lake  George  secondary  production 
at  the  three  meter  depth  and  in  the  littoral  zone  was  16,046  and  6,171  mg/m^/yr, 
respectively. 


AQUATIC  KACROPHTTES 


The  distribution  of  aquatic  plants  In  Navigation  Course  5  of  the  Upbound 
Nseblsh  Channel  and  In  Lake  George  vas  sapped.  Doislnant  energent  species  were 
Sclrpus  acutus  (hard  stem  bulrush)  and  Sclrpus  anertcanus  (three  square  bulrush) . 
Tne  tine  of  year  when  stands  reached  ttt*  blomaas  appeared  tenperature 
dependent.  On  a  site  protected  from  circulation  of  cold  channel  water  into  the 
varasr  shore  sone,  ■aalmim  biomass  was  present  from  15  July  into  September.  On 
a  site  exposed  to  circulation  of  cold  channel  water*  maximum  biomass  was  not 
present  until  after  20  August.  At  maturity*  acutus  and  ^  americanus  biomass 
was  540  and  272  g  ash-free  dry  weight  mT^*  respectively.  The  charophytes 
(Nitella  flexilis  and  Chara  globularis) ,  and  Isoetes  riparla  (qulllwort) 
dominated  submersed  vegetation.  Beds  of  these  plants  tended  toward  constant 
growing  season  biomass.  Dead  or  dying  tissue  of  the  previous  growing  season 
appeared  to  be  sloughed  at  a  rate  approximately  equal  to  the  rate  of  replacement 
of  biomass  by  new  growth.  In  August  -  September*  beds  of  these  plants  consisted 
of  new  growth.  Biomass  at  that  time  was  50  -  70  g  ash-free  dry  weight  vT^. 
Differences  between  transects  In  Lake  Nlcolet  and  Lake  George  In  regard  to 
species*  their  distributions*  and  biomass  could  not  be  documented  by  this  study. 
However*  the  water  of  Lake  George  was  warmer  and  thus  provided  a  contrast  for 
evaluating  temperature  control  on  growth  and  development  of  maximum  annual 
biomass. 

Hand  sampling  techniques  were  developed  for  obtaining  biomass  In  submersed 
plant  beds.  Thirty  samples  were  taken  from  beds  of  Nitella  flexilis  and 
Isoetes  riparla  by  hand  and  by  PONAR  dredge.  A  standard  procedure  was 
established  for  converting  data  obtained  by  PONAR  dredge  to  hand-sampled 
equivalents. 

Beds  of  submersed  plants  at  the  edge  of  the  Upbound  Neeblsh  Channel  In 
1979  were  sampled  randomly  with  the  procedures  of  1979.  Beds  occurred  in  the 
same  locations  In  1981.  The  same  species  dominated  beds  In  both  years  and 
biomass  within  beds  was  similar  In  these  years. 

Impacts  from  an  extended  shipping  season  (to  January  31  by  1987)  on  aquatic 
plants  are  expected  to  result  mainly  from  scouring  over-wintering  rootstock 
systems  by  Ice  movement  and  under-lce  pressure  waves  created  by  passing  ships 
In  narrow  channel  passages.  Any  substantial*  sustained  increases  in  suspended 
silt  could  also  change  the  quantity  and  quality  of  light  penetrating  the  water 
%rtilch  would  be  critical  during  the  growing  season.  Studies  being  carried  out 
in  1982  and  1983  are  documenting  the  existing  extent  and  substrate  biomass  of 
rootstock  systems  of  emergent  plants  at  numerous  sites  along  the  river.  Further* 
precise  mapping  of  beds  of  emergent  plants  through  modem  aerial  photography  Is 
producing  extensive  baseline  data  on  stands  of  emergent  macrophytes. 


ICHTHYOPLANKTON 

Larvae  of  20  taxa  were  collected  from  stations  in  Navigation  Courses  5*  7 
and  9*  and  Lake  George  In  the  St.  Karys  River  In  1981.  A  total  of  8*599  larvae 
were  present  In  378  samples.  Biweekly  collections  were  made  at  three  different 
depths  at  each  station  from  April  through  September.  A  pull  net  was  used  to 
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■•■pie  the  shallow  littoral  cone,  generally  less  than  0.5  m  deep.  The  0.5  a 
push  net  was  used  In  the  1  -  2  m  deep  region  along  the  edge  of  the  emergent 
macrophyte  beds*  while  the  1.0  m  net  sampled  the  deeper  channel  stations. 

Seasonal  trends  of  appearance  and  abundance  of  larvae  followed  those  seen 
in  1979  and  1980.  The  majority  (57. IZ)  of  the  larvae  collected  were  rainbow 
smelt.  Sucker*  cyprlnld  and  burbut  larvae  were  also  abundant*  accounting  for 
6.9*  10.3  and  5.1Z  of  the  catch*  respectively.  As  a  group,  percld  larvae 
(yellow  perch*  logperch*  and  darters)  accoimted  for  13. 8Z  of  the  total  catch 
in  1981. 

Efforts  to  locate  areas  of  concentration  of  coregonid  larvae  showed  that, 
of  the  stations  sampled*  nearshore  areas  in  Course  5  yielded  the  highest 
densities  of  cisco  and  lake  whlteflsh  larvae*  50  and  238/100  m^*  respectively. 
Overall*  larvae  were  most  abundant  at  Station  9*  yielding  peak  densities  of 
larvae  (1*559/100  m^)  along  the  edge  of  the  macrophyte  beds  in  early  June,  and 
peak  densities  (4*487/100  m^)  in  the  shallow  littoral. in  early  July. 

Comparison  of  data  from  Lake  Nlcolet  and  Lake  George  indicated  that  the 
composition  of  the  channel  Ichthyoplankton  among  the  two  areas  was  similar* 
being  dominated  by  rainbow  smelt.  Nearshore  collections  in  Lake  George  were 
dominated  by  cyprlnld  larvae  whereas  Lake  Nlcolet  was  dominated  by  percld  larvae. 
The  sampling  program  of  1981  provides  some  of  the  first  quantitative  estimates 
of  density  of  larvae  in  a  shallow  littoral  area*  and  is  vital  to  the  assessment 
and  description  of  nursery  areas. 

The  differences  seen  among  stations  in  composition  and  abundance  of  larval 
fish  reflect  utilization  of  a  mosaic  of  habitats  by  fish  for  nursexry  areas 
within  the  river  system.  All  habitats  may  not  contribute  the  same  amount  to 
the  recruitment  of  individual  populations.  The  alterations,  if  any,  Imposed  by 
navigation  activities  would  be  expected  to  affect  larval  fish  populations  through 
effects  on  the  littoral  zone,  namely  through  loss  of  habitat  in  the  form  of 
submersed  and  emergent  macrophytes  and  subsequent  food  availability  and  cover 
they  provide.  In  addition,  lateral  transport  of  larvae  along  the  littoral  zone 
during  the  drawdown  and  surge  action  of  the  water  during  vessel  passage  has  an 
effect  on  survival  of  larval  fish.  These  Impacts  remain  speculative,  however. 


JUVENILE  AND  ADULT  FISH 
Bottom  Gill  Nets 


Experimental  bottom  gill  nets  were  employed  during  1981  to  gather  baseline 
data  on  species  composition,  indices  of  abundance  (catch  per  effort)  and  lengths 
of  juvenile  and  adult  fishes.  Collections  were  taken  at  shallow  and  deep  sites 
of  Navigation  Courses  5,  7  and  9*  and  In  a  non-shlpped  area.  Lake  George. 
Comparisons  were  made  among  depths,  stations*  and  between  years. 

During  winter,  forty-three  24-hour  gill  net  sets  collected  310  fish  of  12 
species  in  Navigation  Courses  5  and  7.  Catch  per  effort  was  7.29.  White  sucker 
comprised  42. 5Z  of  the  catch*  while  cisco  contributed  35. 5Z.  Other  important 
species  included  yellow  perch  (6.5Z)*  northern  pike  (4.5Z),  and  burbot  (4.5Z). 
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The  Vinter  catch  per  effort  Increased  substantially  over  the  1980  value  as  a 
response  to  elgplf leant  Increases  In  catch  rate  of  white  sucker  end  cisco. 

Length  frequency  nodes  for  dominant  species  were  roughly  similar  during  winter 
between  years. 

A  total  of  76  net  sets  during  open  water  seasons  In  Navigation  Courses  5, 

7  and  9  captured  1»742  fish  of  26  species.  Dominant  species  were  white  sucker 
(25.5Z)»  cisco  (21.9Z)t  yellow  perch  (17. 2Z),  northern  pike  (11. 9Z),  rock  bass 
(7.6Z)»  and  walleye  (7.6Z).  Spring  saa^les  were  dominated  by  white  sucker, 
northern  pike,  cisco,  and  yellow  perch.  White  sucker,  northern  pike,  and  yellow 
perch  were  frequently  captured  during  ausmer.  Cisco  and  walleye  were 
occasionally  captured  In  high  nuiid>ers,  primarily  during  July.  Fall  sample 
dominants  were  white  sucker,  northern  pike,  yellow  perch,  and  rock  bass. 

November  collections  contained  significant  nuinbers  of  cisco.  Nearshore  nets 
yielded  higher  catch  per  effort  values  at  all  stations  than  those  nets  set 
nearest  the  ship  channel. 

A  total  of  28  gill  net  sets  made  during  open  water  seasons  In  Lake  George 
collected  652  fish  of  22  species  (catch  per  effort  >  23.2).  The  catch  was 
dominated  by  white  sucker  (30. 5Z),  northern  pike  (21. 8Z)  and  yellow  perch  (20. 2Z). 
Northern  pike,  yellow  perch,  and  white  sucker  dominated  catches  In  spring, 
suaner  and  fall.  Bock  bass  and  walleye  were  collected  frequently  In  July. 

Small  catches  of  pink  salmon  and  cisco  were  noted  In  fall.  Catch  per  effort 
for  all  species  combined  was  higher  In  Lake  George  compared  to  Lake  Nicolet. 

Cisco,  rock  bass,  and  walleye  exhibited  higher  CPE  values  In  Lake  Nicolet. 

Catch  per  effort  comparisons  for  1980  vs.  1981  indicated  a  general  decline 
In  1981.  Cisco  evidenced  the  greatest  decline  In  CPE  between  years.  Percent 
composition  of  catch  was  roughly  similar  with  the  order  of  dominance  of  white 
sucker  and  cisco  switched  between  years. 

Direct  effects.  If  any,  of  channel  dredging.  Ice  breaking,  and  ship  passage 
on  juvenile  and  adult  fishes  would  probably  be  wrought  primarily  upon 
physiological  processes  (respiration,  growth,  reproduction,  development  and 
maturation) .  Other  effects  may  include  changes  In  movement  patterns,  spatial 
and  temporal  abundance,  alteration  of  habitats  and  changes  in  linkage  and 
structure  of  the  supporting  food  webs.  Effects  of  winter  navigation  related 
activities  appear  to  be  transient  with  the  exception  of  chaxmel  dredging  which 
would  have  a  long-term  effect  by  reducing  available  fish  habitat  In  the  Middle 
Neeblsh  Channel  and  reducing  colonlzable  substrate  for  benthic  organisms 
thereby  adversely  affecting  forage  densities.  However,  no  dredging  Is  anticipated 
in  the  proposed  31  January  +  2  weeks  season  extension. 

Small  Mesh  Trap  Nets 


Small  mesh  trap  nets  were  used  to  sample  fish  populations  In  the  upper 
littoral  zone  of  the  St.  Marys  Blver.  IVelve  hour  samples  were  collected  both 
during  night  and  day  periods.  Seasonal  sampling  was  conducted  In  emergent 
vegetation  and  open  areas  In  Navigation  Courses  5,  7  and  9,  and  in  Lake  George. 

A  total  of  8,101  fish  representing  42  species  were  taken  In  82  trap  net 
collections  in  Navigation  Courses  5,  7  and  9  (CPE  ■  98.8).  Blueglll  was  the 
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■oat  ^tmdant  species  (28. 5Z  of  the  total  catch).  Other  najor  species  Included 
brown  bullhead  (13. 6Z),  yellow  perch  (12.8%),  bluntnose  minnow  (11.3%),  and 
white  sucker  (7.8%).  Species  abundance  and  composition  of  these  collections 
varied  with  season,  time  of  day  and  station. 

A  total  of  11,769  fish  of  35  species  were  taken  In  36  trap  net  collections 
(CPE  ■  326.9)  In  Lake  George.  Spottall  shiner  was  the  most  abtmdant  species 
(51.5%  of  total  catch).  Other  major  species  Included  comnon  shiner  (25.0%), 
yellow  perch  (6.6%),  bluntnose  minnow  (3.3%)  and  black  crapple  (2.3%).  Species 
composition  of  collections  In  Lake  George  varied  with  season  and  time  of  day. 

Muadiers  of  fish  sampled  In  Lake  George  were  greater  than  numbers  taken 
from  other  areas.  A  comparable  navigated  area  (Navigation  Course  5)  contained 
fewer  fish  (CPE  -  68.7)  than  Lake  George  (CPE  ■  326.9).  Of  the  sport  fishes, 
yellow  perch,  smallmouth  bass,  largemouth  bass,  northern  pike  and  white  sucker 
were  more  abundant  In  Lake  George  while  brown  bullhead  and  bluegill  were  more 
abundant  in  Navigation  Course  5.  Forage  fish  also  had  larger  populations  in 
Lake  George  than  Navigation  Course  5. 

Potential  Impacts  of  the  proposed  commercial  shipping  season  extension 
remain  speculative.  Turbulence  under  Ice  cover  from  passing  vessels  may  Injure 
fish  or  disrupt  normal  behavior.  Increases  in  suspended  solids  may  also  impair 
normal  feeding  behavior.  The  emergent  vegetation  of  the  upper  littoral  zone  is 
important  to  juvenile  fish  populations  and  Ice  scouring  of  over-wintering 
rootstock  systems  of  macrophytes  would  reduce  preferred  habitat. 

Travis 


Bottom  trawl  samples  were  collected  at  night  in  nearshore  (1.5  m)  and 
offshore  (3.1  m)  sites  within  Navigation  Courses  5,  7  and  9,  and  in  a  non- 
shipping  area.  Lake  George.  A  total  of  10  samples  were  taken  at  each  station 
during  May  through  October.  Comparisons  were  made  among  depths,  stations  and 
between  years. 

A  total  of  5,997  fish  of  28  species  were  collected  in  30  trawl  samples 
from  Navigation  Courses  5,  7  and  9.  Johnny  darters  were  most  abundant, 
comprising  19.3%  of  the  total  catch.  Other  numerically  Important  species 
Included  nlnesplne  stickleback  (12.3%),  trout-perch  (11.8%),  yellow  perch 
(9.2%),  spottall  shiner  (7.1%)  and  mottled  sculpin  (6.4%).  Total  catch  per 
effort  at  Course  5  was  approximately  half  that  at  either  Course  7  or  9.  Overall 
catch  in  the  offshore  areas  was  greater  than  In  the  nearshore  areas  at  Courses 
7  and  9,  but  the  opposite  was  true  in  Course  5.  Depth  distribution  of 
Individual  species  varied  from  station  to  station  and  by  date. 

A  total  of  3,234  fish  representing  23  species  were  collected  In  10  trawl 
samples  from  Lake  George.  Trout-perch  were  most  abundant,  making  up  36.2%  of 
the  total  catch  followed  by  spottall  shiner  (19.1%),  yellow  perch  (15.6%), 
johnny  darter  (10%)  and  common  shiner  (4.4%).  White  sucker  made  up  only  3.8% 
of  the  catch  by  number  but  represented  nearly  44%  of  the  catch  by  weight. 

Overall,  more  specimens  were  taken  in  the  deep  near-channel  area  compared  to 
the  shallow  nearshore  area  of  Lake  George.  Trout-perch  were  consistently 
captured  in  greatest  numbers  at  the  deep  station,  while  johnny  darters,  Iowa 
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darters,  yellow  perch  and  rock  bass  were  sore  abundant  nearshore.  Brook 
stickleback  occurred  only  in  the  shallow  samples. 


Ihe  fish  coBBunity  represented  by  the  trawl  samples  was  Bore  diverse  in 
Lake  George  as  coapared  to  Courae  5,  and  overall  CPE  in  Lake  George  was  more 
than  three  tlaes  greater  than  at  Course  5.  Trout-perch,  johnny  darters, 
spottall  shiners,  white  suckers,  yellow  perch,  smelt,  Iowa  darter,  brook 
stickleback,  bluntnose  minnows  and  coosion  shiners  were  much  more  abundant 
in  Lake  George.  Rock  baas,  slimy  sculpins,  brown  bullheads  and  Bioilc  shiners 
were  each  at  least  twice  as  abundant  in  samples  from  Course  5  as  compared  to 
Lake  George. 

Overall  CPE  decreased  by  about  lOZ  from  1980  to  1981  in  Courses  7  and  9. 
Catch  per  effort  of  smelt,  nlnesplne  sticklebacks  and  logperch  increased 
significantly  from  1980  to  1981.  While  other  species  exhibited  sometimes 
drastic  changes  in  CPE,  these  changes  were  not  statistically  significant  due 
to  variability  of  the  data.  Relative  abundances  of  the  major  species  shifted 
noticeably  from  1980  to  1981.  The  coimnunity  was  dominated  by  trout-perch, 
spottall  shiners  and  johnny  darters  in  1980,  and  together  the  three  species 
made  up  over  60Z  of  the  total  catch.  In  1981  the  order  of  importance  changed 
to  johnny  darters,  nlnesplne  stickleback,  yellow  perch  and  trout-perch, 
respectively,  and  these  species  comprised  56Z  of  the  total  number  caught. 

All  species  sampled  by  trawls  are  either  spring  or  sunnier  spawners  and 
there  would  be  little  danger  of  direct  egg  destruction  from  winter  shipping. 
Problems  associated  with  %d.nter  shipping  could  possibly  be  associated  with 
disruption  of  submerged  and  emergent  aquatic  plant  beds  which  are  spaimlng 
sites  for  some  of  the  species.  If  plant  beds  with  their  assodiated  over¬ 
wintering  root  systems  were  destabilized  from  winter  shipping,  Increased 
sedimentation  during  spring  and  summer  could  occur  which  may  affect  eggs  and 
larvae. 

Any  discussion  of  possible  reduction  In  the  fish  community  should  be 
tempered  with  considerations  of  compensation  by  the  populations  in  question. 
Decreased  reproduction  may  lead  to  increased  survival  of  young  of  successful 
spawners.  Also,  reduction  of  fish  production  from  one  area  may  be  off-set  by 
Imlgratlon  from  other  sites,  if  sufficient  habitat  remains  unaffected  by 
winter  navigation  activities. 


PHYSICAL  AND  CHEMICAL  ASPECTS 

Water  Chemistry.  Temperature  and  Turbidity 

Water  temperature,  dissolved  oxygen,  turbidity,  dissolved  solids  and  pH 
were  measured  In  conjunction  with  biological  sampling  in  nearshore  and  off¬ 
shore  sites  of  Navigation  Courses  5,  7  and  9,  and  Lake  George. 

Water  temperatures  were  near  O^C  during  winter,  began  increasing  in  May, 
and  reached  maximum  values  of  19  -  24  C  In  late  summer.  Nearshore  areas  were 
warmer  In  spring  and  summer  compared  to  offshore  areas.  The  reverse  was  true 
for  fall.  Lake  George  was  warmer  than  other  stations  during  spring  and  fall. 
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UMolvad  oxygun  values  ranged  from  3.5  -  13.9  ppm.  Host  readings  were 
>9  ppm.  Lowest  values  occurred  during  summer  at  nearshore  sites. 

Turbidity  values  ranged  from  0.7  -  120  KTU.  Turbidities  were  generally 
hl^iest  during  fall,  and  at  nearshore  sites.  Lake  George  experienced  higher 
turbidities  than  all  other  sites. 

Dissolved  solids  remained  fairly  constant  at  all  sites,  though  this 
parameter  exhibited  a  total  range  of  22  -  175  ppm.  However,  only  3  percent  of 
all  measurements  were  outside  a  range  of  50  -  80  ppm. 

No  major  differences  In  pH  values  among  sites  occurred.  Summer  offshore 
pH  readings  Indicated  basic  conditions  while  fall  offshore  readings  indicated 
acidic  conditions.  A  range  of  A. 8  -  9.2  S.U.  occurred,  «dilch  was  larger  than 
that  reported  In  1980  studies. 

The  measured  parameter  most  likely  to  be  affected  significantly  by  winter 
navigation  activities  would  be  turbidity  because  of  potential  increases  in 
suspended  solids  carried  by  the  river. 

Sedimentation  Rates  During  Winter 

Sediment  traps  were  developed  and  used  to  collect  baseline  winter  sedi¬ 
mentation  data  In  the  St.  Marys  River  to  be  compared  to  winter  sedimentation 
data  during  future  commercial  shipping  and  channel  modification  activities. 

Lake  George,  not  Involved  In  commercial  navigation,  was  chosen  to  act  as  a 
control. 

Samples  were  collected  In  off-channel  areas  of  Navigation  Courses  5  and 
7  and  In  Lake  George  during  approximately  the  same  period.  Trapped  sediments 
were  filtered,  dryed  and  weighed  over  two  exposure  periods  (mid-winter,  late 
winter).  Organic /Inorganic  fractions  were  determined  for  sediments  collected 
during  the  second  exposure  period. 

2 

Sedimentation  rates  were  greater  In  Lake  George  (927  -  6,315  mg/m  /d)  than 
In  either  Course  5  (138  -  592  mg/m^/d)  or  Course  7  (296  -  592  mg/m^/d)  during 
Btld-wlnter.  During  late  winter  sedimentation  rates  at  Courses  5  and  7  Increased 
(296  -  1,342  mg/m^/d) .  However,  sedimentation  rates  In  Lake  George  (631  -  1,184 
sig/m^/d)  also  averaged  more  than  other  areas  during  late  winter.  Inorganic 
content  of  collected  sediments  was  high,  averaging  87.3  -  100%  In  samples. 
Turbidity  measurements  taken  during  the  period  Indicated  a  possible  positive 
correlation  with  sedimentation  rates. 

Any  winter  commercial  shipping  and/or  channel  modifications  that  Increase 
the  sediment  loading  In  the  St.  Marys  River  should  be  reflected  In  Increased 
sedimentation  In  off-channel  areas,  which,  in  turn,  would  be  measurable  with 
the  sediment  traps.  However,  the  site  chosen  In  Lake  George  as  a  control  does 
not  appear  satisfactory  with  regard  to  monitoring  sedimentation. 
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S»di»ent  Chc«l»try  of  Shipping  and  Non-Shlpplng  Caiannels 


Sftdlaeiit  cores  were  collected  during  June  1981  from  an  active  shipping 
channel  (Lake  Nlcolet)  and  an  inactive  shipping  channel  (Lake  George)  and 
analysed  for  21  paraaeters  including  nutrients*  heavy  aetals*  organic  com¬ 
pounds*  total  solids*  volatile  solids  and  particle  size.  All  parameters  except 
two  occurred  in  higher  average  concentrations  In  the  shipping  channel. 

According  to  USEPA  Region  V  criteria*  the  same  parameters  exceeded  moderate 
pollution  levels  at  both  sites*  %fhile  those  classified  as  non-polluted  were  so 
at  both  sites*  and  those  below  the  level  of  detection  also  were  so  at  both  sites 
seeming  to  indicate  shipping  was  not  the  source  of  contaminants  in  Lake  Nlcolet 
sediments. 

Lake  Nlcolet  sediments  had  higher  levels  of  clay  and  organic  matter*  and 
their  affinity  for  heavy  metals  and  organic  chemicals  may  explain  the  higher 
concentration  of  these  constituents.  Additionally*  the  higher  sedimentation 
rate  in  Lake  George  may  bury  contaminated  sediments  reducing  the  contamination 
level  in  the  sampled  upper  sediment  layers.  These  factors,  rather  than  shipping 
appear  as  the  most  likely  reasons  for  the  differences  between  the  two  channels. 
Many  other  factors,  such  as  redox  potential*  sediment  pH,  bacteria,  sulfur  and 
iron  cycles,  not  examined  in  this  study*  may  also  strongly  affect  the  levels 
of  materials  in  sediments. 
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INTROpUCTION 


The  St.  Marys  River  Is  the  only  outflow  of  Lake  Superior  to  the  lover  Great. 
Lakes  and  flows  about  120.7  km  (75  ml)  from  headwaters  In  V/hitefish  Bay,  Lake 
Superior  to  Lake  Huron  at  Detour,  Michigan  (Figure  1) .  From  its  headwaters  to 
Lake  Huron  the  St.  Marys  River  descends  approximately  6.7  m  (22').  Most  of  this 
fall  occurs  at  the  St.  Marys  Rapids  and  Soo  Locks  located  between  Sault  Ste. 
Marie,  Michigan  and  Ontario.  Below  the  Sault  Ste.  Marie  area,  the  river  is 
divided  into  several  channels  and  shallow  lakes  first  by  Sugar  Island  and 
subsequently  by  Neeblsh  and  St.  Joseph  Islands  (Figure  2).  The  major  shipping 
link  between  northwestern  United  States  and  metropolitan  areas  in  the  lower 
Great  Lakes  is  throu^  the  St.  Marys  River  system.  During  high  use  years,  ship 
traffic  may  average  over  12,000  vessels  with  cargos  of  some  100,000,000  tons 
per  year.  Crude  oil,  petroleum  products,  grain,  steel,  coal,  taconite  and  iron 
ore  are  the  major  cargos  shipped  (Hamdy  et  al.  1978). 

Since  1960,  river  discharge  has  averaged  about  2,124  m  /sec  (75,000  cfs) . 

A  maximum  flow  of  3,596  m^/sec  (127,000  cfs)  was  recorded  in  August  1950,  and 
a  minimum  flow  of  1,161  m^/sec  (41,000  cfs)  occurred  in  September  1955 
(International  Lake  Superior  Board  of  Control  1974).  In  1921,  complete  control 
of  river  flow  was  achieved;  under  present  regulation  plans,  the  minimum  flow 
is  controlled  at  about  1,557  m^/sec  (55,000  cfs). 

Plans  to  extend  the  commercial  shipping  season  to  Include  winter  months  on 
the  upper  Great  Lakes  have  been  seriously  considered  since  the  1960 's  by  the 
U.S.  Army  Corps  of  Engineers,  and  limited  winter  shipping  through  the  Soo 
Locks  and  St.  Marys  River  was  carried  out  during  the  1970 's  as  part  of  a 
demonstration  program.  A  successful  demonstration  program  led  to  proposals 
for  year  round  shipping  on  the  Great  Lakes.  More  recently,  a  limited  season 
extension  has  been  proposed  which  would  extend  shipping  only  to  January  31, 

+  2  weeks  beginning  in  1987  (U.S.  Army  Corps  of  Engineers,  Detroit  District, 
Personal  Connunlcatlon) . 

The  earlier  year  round  shipping  season  proposals  would  have  required 
modifications  of  the  St.  Marys  River,  including  the  dredging  and  widening  of 
channels  near  Heeblsh  Island.  Michigan  State  University,  Department  of  Fisheries 
and  Wildlife,  first  contracted  with  the  U.S.  Fish  and  Wildlife  Service  in 
February  1979  to  evaluate  pre-dredging  (baseline)  environmental  conditions  at 
both  the  Middle  Neeblsh  Channel  and  at  a  proposed  dredge  spoil  disposal  site  in 
Lake  Huron.  Extensive  background  data  on  physical /chemical  aspects,  flora,  and 
fauna  were  gathered  during  February  through  November  1979  and  were  reported  in 
a  recent  publication  (Liston  et  al.  1980).  The  objective  of  that  study 
required  intensive  sampling  restricted  mainly  to  near-channel  sites  where 
proposed  dredging  would  directly  disturb  sediments. 
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Figure  2.  Map  of  St.  Mary's  River  near  the  Neeblsh  Island  are£a 


An  extension  of  the  1979  study  was  granted  for  the  period  July  through 
DeceBd>er  1980.  The  new  program  was  less  focused  on  the  channels  and  sampling 
was  extended  Into  several  shallow,  off-channel  sites.  A  broader  goal  was 
addressed:  the  baseline  data  was  expanded  to  aid  In  determining  possible 
environmental  effects  of  a  re-dlstrlbutlon  of  sediments  resulting  from  winter 
navigation-related  activities  (l.e.  dredging.  Ice  breaking,  ship  movements). 

A  report  was  completed  on  the  1980  studies  and  published  In  1981  (Liston  et 
el.  1981). 

\ 

A  second  extension  of  the  orlgnlal  contract,  reported  herein,  was  granted 
In  early  1981  for  the  period  1  February  1981  through  31  March  1982.  The 
overall  goal  of  the  on-golng  study  may  be  stated  as  follows:  to  provide 
quantitative  and  qualitative  limnological  and  biological  Information  from  the 
St.  Marys  River  to  help  assess  Impacts  from  winter  navigation.  Emphasis  was 
placed  upon  continued  monitoring  by  replicating  techniques  used  In  earlier 
studies  In  near-channel  and  nearshore  environments  to  observe  possible  annual 
variations  of  existing  pre-project  conditions.  Also,'  a  new  environment.  Lake 
George,  was  studied  simultaneously  with  other  sites  on  the  St.  Marys  to  examine 
ecological  conditions  In  a  non-shlpplng  channel  as  well  as  In  shipping  channels. 
The  Lake  George  area  was  examined  for  potential  future  use  as  a  control  site. 
Throughout  the  St.  Marys  studies,  data  have  been  gathered  during  all  seasons  of 
the  year.  Topics  covered  In  this  report  Include:  benthic  macrolnvertebrates; 
aquatic  plants;  Ichthyoplankton;  juvenile  and  adult  fish;  water  chemistry, 
temperature  and  turbidity;  winter  sedimentation  rates;  and,  sediment  chemistry  of 
shipping  and  non-shlpplng  channels. 

During  1981  It  was  decided  by  funding  agencies  that  extended  research 
coverage  of  the  large  St.  Marys  River  system  was  Important  not  only  for  the 
current  monitoring  program  but  also  for  preparation  of  environmental  impact 
statements  addressing  an  extended  navigation  season  to  31  January  +  2  weeks  by 
1987.  Consequently,  expanded  studies  were  contracted  beginning  In  fall,  1981, 
and  those  studies  are  now  on-golng  and  are  expected  to  continue  through  1983, 
with  198A  being  a  write-up  year.  The  1984  report  will  build  upon,  and  will 
Include  data  submitted  In  the  present  report  and  in  the  previous  two  submittals. 
Techniques  successful  in  past  studies  are  being  applied  at  previously  established 
sites  as  well  as  at  new  sites  from  above  the  Soo  Locks  downriver  to  near  Lime 
Island.  Additionally,  new  studies  dealing  with  intensive  mapping  of  important 
plant  beds,  primary  production,  and  new  approaches  to  identifying  adult  fish 
movement  patterns  have  been  Incorporated. 


METHODS  AMD  MATERIALS 


BENTHIC  MACROINVERTEBRATES 
Field  Methods 

Navigation  Courses  7  and  9«  Benthic  nacroinvertebrate  samples  were 
collected  during  June  and  September,  1981,  using  a  standard  PONAR  grab  which 
enclosed  an  area  of  484  cm^  (Wildlife  Supply  Co.,  Saginaw,  Michigan).  Samples 
were  taken  along  transects  across  the  river  at  sites  where  other  biological  and 
physical/chemical  data  were  being  collected.  At  each  transect,  triplicate 
grabs  were  taken  at  5  stations  (Figure  3).  One  station  was  located  within  the 
navigation  channel,  one  was  located  50  m  west  and  another  50  m  east  of  the 
navigation  channel.  The  two  other  stations  were  located  in  shallow  water  (1.5  m 
depth)  areas  further  from  the  navigation  channel  with  one  station  each  on  the 
east  and  west  sides  of  the  river.  A  total  of  60  PONAR  grab  samples  were 
collected  from  these  transects  during  1981,  15  at  each  transect  during  each 
month. 

Navigation  Course  5  and  Lake  George.  Two  sampling  stations  were  also 
established  in  Navigation  Course  5  and  Lake  George  (Figure  3) .  In  each  area 
one  station  was  located  about  50  m  west  of  the  navigation  channel  in  3  m  of 
water  and  another  was  located  within  the  zone  of  emergent  vegetation  along  the 
western  (lee)  shore  in  0.5  -  0.7  m  of  water.  Benthic  macroinvertebrate  samples 
were  collected  from  each  of  these  stations  bimonthly  on  five  dates  from  April 
through  December,  1981.  Sampling  at  the  3  m  depth  stations  consisted  of 
triplicate  PONAR  grab  samples  each  date.  Sampling  within  the  zone  of  emergent 
vegetation  consisted  of  both  Ekman  grab  and  modified  Gerking  samples  in  trip¬ 
licate  on  each  date.  The  Ekman  grab  encloses  an  area  of  232  cm^  and  is  deslg;ned 
to  collect  organisms  in  or  on  the  bottom  (Wildlife  Supply  Co.,  Saginaw, 

Michigan) .  The  modified  Gerking  sampler  encloses  an  area  of  484  cm^  and  is 
designed  to  collect  organisms  on  aquatic  macrophytes.  This  sampler  is  essentially 
a  plexiglass  box  with  sliding  doors  attached  to  the  bottom.  The  top  of  this 
plexiglass  box  is  also  open  and  a  149  y  mesh  plankton  net  with  a  collecting 
bucket  is  secured  over  this  opening.  In  collecting  a  sample  the  doors  are 
opened,  the  sampler  lowered  over  the  area  to  be  sampled,  the  sampler  doors  are 
then  closed  pinching  off  plant  stems,  and  the  sampler  is  inverted.  Contents 
of  the  sampler  are  then  rinsed  into  the  collecting  bucket.  With  many  of  the 
emergent  macrophytes,  for  example  Scirpus  spp.,  the  stems  are  too  thick  to 
pinch  off  with  the  sampler  doors  and  must  be  cut  using  a  knife.  A  total  of 
90  benthic  macroinvertebrate  samples  were  collected  from  Navigation  Course  5 
and  Lake  George,  30  with  each  gear  type. 
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Figure  3.  Locations  of  1981  benthic  nacrolnvertebrate  sampling  sites  In 

Navigation  Courses  5,  7  and  9,  and  Lake  George,  St.  Marys  River. 
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Laboratory  Hethods 

Abundance  Eatlaatea.  All  aamplea  vere  returned  to  the  laboratory  in 
heavy  plastic  bags  and  rinsed  through  a  standard  No.  30  sieve  (600  p  aperture). 

A  lOZ  subsa]ig>le  of  the  reaultant  slurry  was  then  rinsed  through  a  250  p  and 
149  y  sieve.  Organisias  vere  sorted  from  the  600  y  portion  of  the  samples  live 
under  10  X  magnification.  A  atereozoom  microscope  (magnification  10  >  70  X) 
was  used  to  sort  organisms  from  the  250  y  and  149  y  portions  of  the  sample. 
Identification  of  organisms  was  accomplished  using  a  stereozoom  microscope  and 
a  phase  contrast  compound  microscope  (100  -  2000  X) .  Taxonomic  references 
include  Bousfleld  (1958);  Burch  and  Patterson  (1976);  Edmonds,  Jensen  and 
Berner  (1976);  Heard  and  Burch  (1966);  Hllsenhoff  (1975);  Holsinger  (1976); 
Hungerford  (1948);  Herrltt  and  Cumnlns  (1978);  Pennak  (1978)  and  Williams 
(1976). 

Total  benthic  nacrolnvertebrate  abundance  data  was  subjected  to  statistical 
analysis  to  determine  if  observed  differences  were  significant.  A  Friedman  two- 
way  analysis  by  ranks  test  was  applied  to  data  from  Navigation  Courses  7  and  9 
in  testing  for  differences  between  years  and  between  seasons  (Elliott  1977) . 
Differences  in  abundance  between  Navigation  Course  5  and  Lake  George  were  tested 
using  a  4  X  5  contingency  table  (Elliott  1977) . 

Secondary  Production.  Secondary  production  was  calculated  for  15  of  the 
most  common  macroinvertebrate  tcuca  using  the  size-frequency  method  (Hynes  and 
Coleman  1968;  Waters  and  Hokenstrom  1980;  Henzle  1981) .  This  method  was 
selected  because  individual  cohorts  could  not  be  discerned  for  all  taxa  (an 
assumpr.lon  implicit  in  the  Allen  curve  or  removal  summation  methods  of 
calculating  productivity) .  For  a  review  of  aquatic  secondary  productivity 
techniques  see  Waters  (1977).  The  terms  used  in  equation  for  calculating 
production  follow  Menzle  (1981): 

C  u 

P  -  Z  (N  -  N  +  1)  »  (W  •  W  +  1)^ 
j  .  1  J  J  3  3 

2 

where  P  is  the  annual  production  in  mg/m  /yr,  Wj  is  the  mean  weight  of  an 
individual  at  size  j,  C  is  the  number  of  size  classes  in  the  life  cycle,  and 
Nj  is  the  number  of  individuals  that  develop  into  size  class  j  during  the  year. 

Because  some  taxa  were  not  unlvoltlne,  the  number  of  individuals  developing 
into  size  class  j  during  the  year  was  adjusted  by: 

Nj  ■  Ej  •  growth  period /CPI  •  C 

following  Menzie  (1981).  Here  nj  is  the  mean  number  of  individuals  in  size 
class  j,  Pe  is  the  estimated  proportion  of  the  life  cycle  spent  in  each  size 
class.  Pa  is  the  actual  proportion  of  the  life  cycle  spent  in  a  particular 
size  class,  growth  period  is  the  number  of  days  in  the  year  for  which  production 
Is  being  calculated,  CPI  is  the  cohort  production  interval  or  time  from 
hatching  to  attaining  the  largest  size  class  and  C  is  the  number  of  size  classes. 
Lacking  laboratory  data  on  growth  rates  we  set  Pe/Pa  to  unity .  The  growth 
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period  was  defined  as  a  full  year  while  the  CPI  was  expressed  as  proportion  of 
the  year  (e.g.  0.5  for  taxa  havlitg  two  generations  per  year,  2.0  for  taxa 
having  one  generation  during  a  two  year  period,  etc.). 

Use  of  the  size-frequency  method  of  calculating  production  requires 
Information  on  the  abundance  of  each  size  class  and  the  mean  biomass  of  each 
size  class  per  sampling  date.  Total  length  of  coomon  taxa  was  recorded  during 
the  process  of  identifying  organisms  for  abundance  estimates.  Abundance  data 
was  then  examined  to  determine  which  t^a  occurred  regularly  and  were  common 
enough  to  enable  calculation  of  production.  Specimens  of  these  taxa  were 
later  collected,  sorted  into  1.3  mm  size  classes,  and  dryed  at  60°C  until  a 
constant  weight  was  obtained.  Dry  weights  for  these  unpreserved  organisms  were 
recorded  using  a  Metier  Model  HIO  balance.  When  an  entire  size  range  of 
tmpreserved  organisms  could  not  be  obtained  an  entire  size  range  of  organisms 
preserved  in  70%  Isopropyl  alcohol  were  also  weighed.  Preserved  and  unpreserved 
weights  for  equal  size  organisms  were  then  compared,  a  correction  factor 
determined,  and  all  preserved  weights  adjusted.  These  data  were  then  used  to 
calculate  exponential  curves  of  the  form  Y  -  ae^’^  approximating  growth  of  an 
individual  where;  Y  *  dry  weight  (mg),  x  ■  total  length  (mm),  e  *  the  natural 
logarithm,  and  a  and  b  are  constants  (Cassie  1969) .  Mean  weight  at  a  particular 
size  was  then  used  with  abundance  of  that  size  class  In  determining  productivity. 

For  taxa  which  were  Infrequently  encountered  In  samples  or  collected  in 
low  numbers  production  was  not  estimated.  However,  dry  weights  of  these 
organisms  were  obtained  as  above.  These  data  along  with  weights  for  taxa  for 
which  production  was  calculated  were  combined  to  obtain  standing  crop  (biomass 
present)  data  for  each  sampling  date. 


AQUATIC  MACROPHYTES 

During  1981,  investigations  were  conducted  to  improve  and  expand  baseline 
information  regarding  distribution  and  abundance  of  aquatic  vegetation  In  the 
St.  Marys  River.  The  interval  for  field  work  in  this  study  was  May  -  September 
1981.  Samples  were  processed  through  December  1981;  data  compilation  and 
analyses  were  conducted  through  March  1982.  The  work  was  organized  to  achieve 
five  objectives; 

1.  Obtain  estimates  of  growing  season  variation  In  standing  crops  of 
dominant  emergent  and  submersed  plants  so  that  the  time  of  maximum 
standing  crop  for  a  year  was  known. 

2.  Obtain  quantitative  descriptions  of  standing  crops  of  dominant  emergent 
and  submersed  plants  along  transects  adjacent  to  Navigation  Course  5 
(Lake  Nlcolet)  and  Navigation  Coarse  7  of  the  Upbound  Neebish  Channel. 

3.  Statistically  compare  the  results  obtained  by  sampling  submersed 
plant  beds  for  biomass  using  PONAR  dredge  and  hand-harvesting 
techniques. 
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4.  Obtain  an  estimate  of  betveen-year  variation  In  standing  crops  of 
submersed  plants  by  duplicating  a  portion  of  the  1979  channel-edge 
study. 

5.  Compare  the  aquatic  vegetation  In  a  portion  of  Lake  Nlcolet  with  the 
aquatic  vegetation  In  a  portion  of  Lake  George  by  mapping  a  transect 
In  Lake  George,  obtaining  plant  biomass  along  It,  and  co^>arlng  the 
results  to  transect  data  taken  In  Lake  Hlcolet  adjacent  to  Course  5 
(Item  2  above) . 

% 

Emergent  and  Submersed  Plants  In  Mavlgatlon 
Courses  5  and  7,  and  in  Lake  George 

Sampling  transects  were  established  along  Navigation  Courses  5  and  7  of  the 
Upbound  Neeblsh  Channel,  and  In  the  northwest  sector  of  Lake  George  (Figure  3). 
They  ran  outward  from  the  shore  to  the  depth-limit  for  growth  of  submersed  plants. 
For  transects  adjacent  to  Courses  5  and  7,  the  depth-limit  for  growth  was  In  the 
shipping  channel.  The  Course  5  transect  was  a  perpendicular  from  the  east  shore 
of  Lake  Nlcolet  to  Channel  Marker  76.  In  Course  7,  the  transect  ran  on  a 
perpendicular  to  the  shipping  channel,  from  shore  to  a  point  approximately 
140  m  upstream  of  Channel  Marker  38.  The  Lake  George  transect  ran  lakeward  on 
a  perpendicular  to  the  west  shore  from  an  area  2200  m  north  of  the  navigation 
marker  on  Hay  Point.  At  each  of  these  sites,  two  markers  were  placed  at  known 
distance  from  one  another  (80  -  100  m)  on  a  line  parallel  to  the  shore. 

Emergent  vegetation  was  sampled  within  beds  between  markers.  Submersed  vegeta¬ 
tion  was  sampled  In  the  zone  of  emergent  vegetation;  It  did  not  constitute 
significant  biomass.  Beyond  the  emergent  zone,  submersed  plant  beds  were 
located  by  divers  with  SCUBA  who  swam  transects  to  the  outer  depth-limit  of 
vegetation.  They  placed  buoys  along  transects  to  mark  edges  of  plant  beds  of 
different  types. 

On  20  September  1981,  study  areas  were  photographed  with  equipment  and 
personnel  from  *‘he  Remote  Sensing  Center  at  Michigan  State  University.  A 
Hasselblad  70  nm  camera,  model  500  ELM,  was  used  for  the  photography.  The 
camera  was  mounted  In  the  aircraft  with  the  focal  plain  horizontal;  exposures 
were  made  through  an  opening  In  the  floor  of  the  cabin.  Ektachrome  64  pro¬ 
fessional  film  was  used  from  elevations  of  305  -  1220  m  above  the  River. 

Distances  were  scaled  from  photographs  by  using  known  ground  distances  between 
shoreline  markers. 

At  each  site,  a  depth  profile  was  obtained  through  beds  of  vegetation  from 
shore  to  the  outer  edge  of  submersed  plants.  In  the  emergent  plant  zones,  this 
was  done  by  walking  transect  lines  using  a  tape  measure.  Beyond  emergent 
vegetation,  depth  profiles  were  obtained  from  the  trace  of  a  recording  bathy¬ 
meter  operating  from  a  boat  that  moved  along  each  transect  at  constant  speed. 

The  position  of  channel  navigation  markers  and/or  buoys  at  edges  of  submersed 
plant  beds  was  recorded  on  traces.  Horizontal  scaling  of  offshore  portions  of 
the  transects  was  obtained  from  photo-scaled  distances  between  channel  markers 
and  buoys;  these  were  placed  on  bathymeter  traces.  From  this  work,  figures  were 
drawn  to  show  the  horizontal  and  depth  distribution  of  dominant  types  of  t 

vegetation  at  each  site. 
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Biomass  samples  were  collected  from  within  dominant  vegetation  types  on 
each  transect.  Four  sampling  dates  between  June  and  September  were  used. 

Shoots  of  emergent  vegetation  within  0.25  m^  quadrats  were  cut  at  the  sediment 
surface  and  removed.  Submersed  vegetation  was  sampled  by  hand  using  SCUBA, 
except  where  diver  safety  and  efficiency  dictated  against  that  approach. 
Daterrents  to  hand-harvesting  submersed  plants  were  low  water  temperature  early 
in  the  ice-free  season  (before  June  15) ,  and  high  current  velocities  along 
edges  of  navigation  channels  near  the  outer  depth  limit  for  growth  (7m).  In 
cases!  such  as  these,  sampling  was  done  .from  a  boat  using  a  FONAR  dredge.  An 
area  of  0.052  m^  was  enclosed  by  the  jaws  of  this  dredge.  For  hand-harvesting, 
fine-mesh  nylon  sacks  were  made  to  fit  over  one  end  of  metal  cylinders  that 
were  15  -  20  cm  deep.  The  area  enclosed  by  these  cylinders  was  0.051  m^. 
Cylinders  were  placed  over  vegetation  in  submersed  beds;  divers  passed  a  hand 
through  a  slit  in  the  nylon  bags  and  freed  vegetation  from  the  sediments.  The 
nylon  bags  kept  plant  material  from  floating  away  on  currents  during  sampling. 

Ten  samples  were  taken  within  each  vegetation  type  each  time  a  transect 
was  saiiq>led.  Emergent  vegetation  was  dominated  by  bulrushes  (Sclrpus  acutus 
and  Sclrpus  amerlcanus) .  Beds  of  these  plants  were  divided  Into  Inshore  and 
offshore  portions  of  approximately  equal  length  along  a  transect.  This  was 
done  to  accommodate  earlier  growth  in  shallow  portions  of  emergent  beds  than  In 
deeper  portions  during  initial  phases  of  the  sampling  program.  Vegetation  was 
collected  from  10  quadrats  In  each  portion  of  emergent  beds.  Plants  in  samples 
of  emergents  were  separated  by  species,  except  where  a  large  mix  of  secondary 
species  occurred  (inshore  on  the  Lake  Nlcolet  transect).  In  the  last  case, 
species  were  lumped  for  measurement;  in  other  cases,  number  of  shoots,  mean 
shoot  height,  dry  weight  (DW),  and  ash-free  dry  weight  (AFBW)  were  obtained 
for  each  sample  by  species. 

Submersed  plant  samples  were  washed  free  of  sediment  and  debris  using 
screens  with  3  mm  openings.  The  quillwort,  Isoetes  rlparla.  and  charophytes 
dominated  submersed  plant  beds.  Collections  from  beds  of  ^  rlparla  were 
separated  by  species;  number  and  mean  plant  height  were  obtained  for  qulllworts 
in  each  sample.  Dry  weight  and  ash-free  dry  weight  were  determined  for  each 
species  present.  The  same  approach  was  followed  with  samples  from  a  bed  of 
Potamogeton  robblnsll  that  occurred  on  the  transect  In  Lake  George.  In  samples 
from  charophyte  beds,  charophytes  were  separated  from  secondary  species. 

Nltella  flexllls  dominated  the  charophyte  biomass.  In  some  samples.  It  was 
mixed  with  species  of  Chara.  A  visual  estimate  of  the  percentage  of  fresh 
charophyte  volume  was  recorded  for  samples  to  describe  this  mix  when  it  occurred. 
Dry  weight  and  ash-free  dry  weight  measurements  were  made  on  combined  charo¬ 
phytes  In  samples.  Separate  determinations  of  these  weights  were  made  for 
each  secondary  species  that  occurred  In  collections  from  charophyte  beds. 

Emergent  and  submersed  plants  were  dried  shortly  after  collection  to 
prevent  tissue  deterioration.  This  work  was  done  at  Michigan  State  Ikiiversity's 
Dunbar  Research  Station  on  the  River  near  Barbeau,  Michigan.  Dried  samples 
were  packaged  In  aluminum  foil  envelopes  and  sent  to  the  Limnological  Research 
Laboratory  on  the  East  Lansing  campus.  Dry  weights  and  ash-free  dry  weights 
were  measured  there  using  procedures  for  aquatic  vegetation  given  In  Liston 
et  al.  (1980). 


Hand  and  PONAR  Plant  Sampling  Comparl«on« 

Because  a  cooblnation  of  PONAR  dredge  and  hand  sampling  methods  was  used 
for  sampling  submersed  vegetation  in  the  River,  a  study  was  done  to  obtain  a 
factor  for  converting  biomass  from  one  method  to  the  other  should  a  statisti¬ 
cally  significant  difference  occur  between  means  for  bloauiss  collected  with 
these  methods.  Beds  of  dominant  plant  types,  charophytes  and  Isoetes  riparia. 
were  selected  in  an  area  east  of  Course  7  of  the  Upbound  Neebish  Channel. 
Sampling  was  conducted  between  Channel  Markers  38  and  40.  Collections  were  made 
21  -  23  July  1981.  TWentyfive  samples  were  taken  by  dredge  and  by  hand  from 
each  bed.  Hand  collection  took  material  to  a  depth  of  5  -  7  cm  in  the  sediments. 
Vegetation  was  washed,  dried,  and  weighed  using  standard  procedures  of  this 
study.  An  F-test  was  applied  to  the  results  to  compare  variance  between 
methods.  Students'  t-test  was  used  to  examine  the  similarity  between  means 
(Gill  1978). 

Annual  Variation  in  Standing  Crops  of  Submersed  Plants 

During  the  Interval  19  July  -  15  August  1979,  beds  of  submersed  aquatic 
vegetation  were  located  along  the  starboard  edge  of  the  Upbound  Neebish 
navigation  channel  from  Nine  Mile  Point  in  Lake  Nlcolet  through  Course  10  in 
Lake  Munuscong.  This  was  accomplished  by  sampling  on  36  transects  that  ran 
perpendicular  to  the  channel  from  the  channel's  edge  shoreward.  Each  transect 
was  approximately  100  m  long.  A  boat  was  moved  along  these  transects,  and 
five  evenly  spaced  samples  were  obtained  using  a  PONAR  dredge.  Approximate 
boundaries  of  plant  beds  along  the  edge  of  the  Upbound  Channel  were  located  by 
this  work.  Major  beds  were  found  in  Courses  5,  7  and  9.  Species  within  beds 
were  identified,  and  their  ash-free  biomass  was  determined.  On  15  August  1981, 
data  were  obtained  to  test  for  between-year  variation  in  bed  location,  species 
composition,  and  biomass.  Two  transects  were  chosen  at  random  over  locations 
between  Channel  Markers  70  -  72,  66  -  68,  36  -  38,  30  -  32,  14  -  16,  and  12  -  14. 
For  this  work,  procedures  of  the  1979  study  were  duplicated  (cf.  Liston  et  al. 
1980) . 


ICHTHYOPLANKTON 

Methods  and  materials  for  the  1981  Ichthyoplankton  studies  are  stressed  in 
this  section,  though  data  comparisons  with  previous  years  (1979  and  1980)  are 
made  in  the  results  section.  Methodologies  for  1981  were  very  similar  to 
previous  years,  and  reference  should  be  made  to  earlier  reports  (Liston  et  al. 
1979;  Liston  et  al.  1980)  for  more  details  of  former  Ichthyoplankton  sampling 
efforts. 

Field 

Middle  Neebish  and  Lake  George  Channels.  Weekly  ichthyoplankton  sampling 
was  initiated  in  April  1981,  primarily  during  the  day  at  Navigation  Courses  5, 

7  and  9  (Stations  5,  7  and  9)  in  the  Middle  Neebish  Channel  of  the  St.  Marys 
River,  and  in  Lake  George  (Figure  4).  Weekly  night  collections  at  all  stations 
were  initiated  in  May  1981,  followed  by  biweekly  sampling  from  June  through 
September  (Table  1) . 
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Figure  4.  Locations  of  1981  Ichthyoplankton  sampling  sites  In  Navigation 
Courses  5,  7  and  9,  and  Lake  George»  St.  Marys  River.  (F  * 
pull  net;  S  *  0.5  m  net;  C  ■  1.0  m  net) 


Table  1  .  Schedule  of  IchthyoplankCon  sampling  In  the  St,  Marys  River  from  April  through  September, 
1981  (Pull  net  *  P;  0.5  m  net  ■  S;  1.0  m  net  -  C), 
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Samples  were  collected  until  early  May  using  a  19  ft  Aquasport  equipped 
with  dual  boom  and  pulley  systems  and  Ify-Te  winches  (Model  No.  10-12).  Use  of 
the  boom  system  held  the  nets  away  from  the  prop  wash  of  the  twin  55  hp  outboard 
engines.  Duplicate  stepped  oblique  tows  of  bridled  1.0  m  Nitex  conical  plankton 
nets  (351  p)  were  taken  simultaneously  in  the  channel  at  each  station.  A 
General  Oceanics  digital  flowmeter  (Model  2030)  was  mounted  in  the  mouth  of  each 
net  to  estimate  the  amount  of  water  filtered.  A  General  Oceanics  collection 
bucket  was  modified  by  the  addition  of  a  rectangular  351  p  mesh  patch  to  the 
side  of  the  bucket  to  facilitate  concentration  of  samples  (Duncan  1978;  Graser 
1978) . 


Each  tow  was  for  5  minutes,  with  the  net  being  towed  for  approximately 
1  1/2  minutes  at  each  of  3  depths:  near  the  bottom,  mid-depth  and  the  surface. 

A  Wlldco  line/cable  clinometer  was  used  to  determine  the  angle  of  the  tow  line 
in  order  to  estimate  the  towing  depth  of  the  sample. 

The  sampling  method  was  modified  after  4  May  1981  due  to  loss  of  gear. 

Ihe  tow  line  was  held  by  hand  off  the  rear  of  the  boat  and  duplicate  stepped 
oblique  tows  were  taken,  though  not  simultaneously.  For  bottom  and  mid-depth 
tows  in  the  Middle  Neeblsh  Channel,  12  and  6  m  of  line  was  let  out,  respectively, 
and  the  engine  speed  maintained  such  that  the  towing  angle  remained  between  65 
and  75  degrees.  In  1979  and  1980,  the  net  was  towed  off  the  front  of  a  16  ft 
Boston  Whaler  while  backing  into  the  current.  For  the  bottom  and  mid-depth 
tows,  18  and  9  m  of  line,  respectively,  was  let  out,  and  the  engine  speed 
maintained  such  that  the  towing  angle  remained  between  50  and  65  degrees. 

Following  completion  of  the  tow,  the  net  was  washed  down  and  contents  of 
the  collection  bucket  were  preserved  in  glass  quart  jars  in  10%  formalin  and 
returned  to  the  laboratory  for  sorting  and  identification. 

Concurrent  measurements  of  surface  and  bottom  water  temperatures  and 
dissolved  oxygen  were  made  at  each  station.  Surface  turbidity  and  pH  samples 
were  also  collected. 

Edge  of  Macrophytes.  A  0.5  m  (19.7")  351  p  mesh  push  net  was  constructed 
in  1980  according  to  the  design  of  Tarplee  et  al.  (1979),  and  was  used  to  collect 
ichthyoplankton  samples  during  the  day  in  April  and  at  night  for  the  rest  of 
the  field  season  along  the  edge  of  emergent  macrophyte  beds  in  both  1980  and 
1981.  A  General  Oceanics  flowmeter  (Model  2030)  was  mounted  in  the  mouth  of 
the  net  to  estimate  the  amount  of  water  filtered.  A  5-mlnute  tow  time  was  used 
for  each  sample  collected  near  macrophyte  beds  at  Stations  5,  7  and  9  and  in 
Lake  George  (Figure  4) .  Samples  were  collected  from  April  through  September 
(Table  1). 

Shallow  Littoral  Zone.  A  pull  net  was  constructed  in  April  1980  to  collect 
larval  fish  in  shallow  water  (less  than  70  cm)  (27.6")  in  both  open  and 
vegetated  areas  in  1980  and  1981.  The  gear  is  a  modified  sheet  metal  snow 
scoop,  commercially  available  and  common  in  the  Sault  Ste.  Marie,  Michigan,  area. 
The  back  panel  was  cut  out,  producing  a  rectangular  mouth  area  of  1134  cm^ 

(21  cm  X  54  cm)  (8.3"  x  21.3").  The  78  cm  (30.7")  handle  was  reversed,  and  a 
0.5  m  (19.7")  351  P  mesh  net  was  attached  to  the  back  of  the  scoop.  A  General 
Oceanics  flowmeter  (Model  2030)  with  a  low  speed  rotor  was  permanently  mounted 
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In  the  south  of  the  net  using  a  small  L  brace.  The  gear  Is  pulled  through  the 
water  by  hand.  Samples  can  be  collected  by  one  person;  however,  two  people 
are  needed  to  facilitate  both  the  pulling  of  the  net  and  subsequent  net  rinsing 
and  sample  handling. 

In  1980  and  1981,  the  pull  net  was  used  after  Ice-out  during  the  day  in  an 
effort  to  collect  coregonld  larvae  in  the  littoral  zone.  In  1981,  day  samples 
were  collected  during  April,  and  biweekly  pull  net  samples  were  collected  at 
night  from  May  through  September  at  Stations  5,  7  and  9  and  Lake  George 
iJabie  1;  Figure  4) . 

Laboratory 

Itastalned  samples  were  sorted  In  the  laboratory  under  lOx  magnification 
either  in  a  black  pan,  or  In  a  clear  pyrex  dish  on  a  small  light  table.  Fish 
eggs  and  larvae  were  stored  In  four-dram  vials  containing  modified  Davidson's 
solution  (Lam  and  Roff  1977) . 

Identification  of  fish  larvae  was  made  under  a  Bausch  and  Lomb  binocular 
microscope  fitted  with  a  polarizing  filter.  Standard  length  (tip  of  snout  to 
the  end  of  the  notochord  or  vertebral  column,  depending  on  developmental  stage) 
of  specimens  was  measured  to  the  nearest  0 . 1  mm  using  an  ocular  micrometer .  A 
maximum  of  20  specimens  of  each  taxon  or  developmental  stage  were  usually 
measured.  All  fish  larvae  were  Identified  to  the  lowest  taxonomic  unit. 

Complete  descriptions  of  the  early  life  history  stages  of  numerous  species  are 
unavailable,  hence  many  specimens  could  only  be  Identified  to  genus  (e.g., 
Etheostoma  sp. •  or  family,  e.g.,  Cyprinldae).  Specimens  too  damaged  to  permit 
Identification  were  designated  unidentifiable. 

Taxonomic  references  used  In  the  Identification  of  ichthyoplankton  included: 
Cooper  (1978a,  1978b),  Dorr  et  al.  (1976),  Faber  (1970),  Fish  (1932),  Hogue  et 
al.  (1976),  Lam  and  Roff  (1977),  Llppson  and  Moran  (1974),  Long  and  Ballard 
(1976),  Mansueti  (1964),  Mansueti  and  Hardy  (1967),  May  and  Gasaway  (1967), 

Meyer  Q970) ,  Nelson  (1968)  and  Norden  (1961,  1967).  A  total  of  20  taxa  of 
Ichthyoplankton  were  identified  from  1981  samples  (Table  2) . 

Data  Presentation 

The  volume  of  water  filtered  during  each  0.5  m  and  1.0  m  net  tow  was 
determined  by  first  calculating  the  distance  of  the  tow: 

Distance  (m)  *  (difference  In  flowmeter  counts)  X  rotor  constant 

999,999 

where  the  rotor  constant,  supplied  by  the  manufacturer,  is  26,873  for  the 
standard  rotor  and  51,020  for  the  low  velocity  rotor.  The  volume  is  then 
calculated  as  follows: 

3 

Volume  (m  )  >  area  of  net  mount  X  distance 

2 

■  3.14  (net  diameter)  X  distance 
4 
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Table  2.  List  of  fish  larvae  collected  In  pull  net,  0.5  m  net,  and  1.0  m 
net  collections  at  all  stations  In  the  St.  Marys  River,  April 
through  September,  1981. 


Scientific  Name 


Common  Name 


Clupeldae 

Alosa  pseudoharengus 

Salmonldae 

Coregonus  artedil 
Coregonus  clupeaformls 

Osmerldae 

Osmerus  mordax 

Umbrldae 
Umbra  11ml 

Cyprlnldae 

Cyprlnus  carplo 
Cyprlnldae 

Catostomldae 

Catostomus  commersoni 
Catostomldae 

Gadldae 
Lota  lota 

Fercopsldae 

Percopsls  omlscomaycus 

Gasterosteldae 

Pungltlus  pungltlus 

Centrarchldae 

Ambloplltes  rupestrls 
Lepomls  sp. 

Percldae 

Etheostoma  nigrum 
Perea  flavescens 
Perclna  caprodes 
Percldae 

Cottldae 

t^oxocephalus  quadrlcomis 
Cottus  sp. 


Herrings 

Alewlfe 

Salmons,  trouts,  whlteflshes 
Cisco 

Lake  whiteflsh 
Smelts 

Rainbow  smelt 

Mudmlnnows 

Central  mudmlnnow 

Minnows  and  carps 
Carp 

Unidentified  minnow 

Suckers 
White  sucker 
Unidentified  sucker 

Codfishes 

Burbot 

Trout-perches 

Trout-perch 

Sticklebacks 

Nlnesplne  stickleback 

Sunfishes 
Rock  bass 

Unidentified  sunfish 

Perches 

Johnny  darter 
Yellow  perch 
Logperch 

Unidentified  percld 
Sculp Ins 

Fourhom  sculpin 
Unidentified  sculpin 
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«  0.7850  X  distance  (1.0  m  net) 

<■  0.1963  X  distance  (0.5  m  net) 

■  0.1134  X  distance  (pull  net) 

The  volume  of  water  filtered  and  the  number  of  fish  larvae  collected  were  used 
to  estimate  the  density,  or  the  number  of  individuals  per  100  m^.  Density  was 
calculated  by  multiplying  the  number  of  organisms  times  100  and  dividing  by 
the  volume  filtered. 


JUVENILE  AND  ADULT  FISH 
Gill  Nets 

Experimental  bottom  gill  nets  were  employed  for  seasonal  abundance 
comparison  of  adult  and  juvenile  fish.  Methods  and  materials  for  1981  are 
stressed  in  this  section,  although  some  data  comparisons  with  previous  years 
(1979,  1980)  are  made  in  the  results  section.  Methods  for  1981  were  very 
similar  to  previous  years,  and  reference  should  be  made  to  earlier  reports 
(Liston  et  al.  1979;  Liston  et  al.  1980)  for  greater  detail. 

Field  Sampling.  Each  experimental  bottom  gill  net  consisted  of  15.2  x  1.8  m 
(50'  X  6')  panels  of  25  (1"),  51  (2"),  63  (2V’) ,  76  (3"),  102  (4"),  114  (4V’)  and 
178  mm  (7")  stretched  mesh  nylon  of  No.  69  twine  size  (178  mm  mesh  of  108  twine 
size).  The  106.4  m  (350')  net  consisted  of  these  seven  panels. 

During  February  and  March  1981,  samples  were  taken  in  Navigation  Course  5 
(Lake  Nlcolet)  and  Course  7.  The  nets  were  set  in  the  morning  and  retrieved 
approximately  24  hours  later.  At  Navigation  Course  5,  sets  were  made  at  4 
sites  (total  of  21)  along  a  northeast  transect  crossing  the  downbound  channel 
near  buoy  number  45  and  the  upbound  channel  south  of  buoys  68  and  69  (Figure  5) . 

A  total  of  22  sets  were  made  in  Course  7,  11  adjacent  to  the  ship  channel  and 
11  nearshore  (Figure  5). 

During  open  water  (spring,  summer  and  fall) ,  samples  were  taken  in  Naviga¬ 
tion  Courses  5,  7  and  9,  and  in  a  non-shipping  channel  section  of  Lake  George. 
Nets  were  set  prior  to  sunset  and  retrieved  after  sunrise  approximately  12 
hours  later.  With  few  exceptions,  one  net  was  set  adjacent  the  channel  and 
one  net  was  set  nearshore  each  time  a  station  was  visited  (Figure  5) .  A  total 
of  107  open  water  sets  were  made:  27  in  Course  5,  26  in  Course  7,  26  in  Course 
9,  and  28  in  Lake  George. 

Analysis  of  Collections.  The  total  number  and  weight  of  each  species  was 
recorded  from  each  collection.  Fish  were  released  alive  whenever  possible  and 
length,  weight,  and  sex  were  recorded  when  circumstances  permitted.  The 
remaining  fish  were  returned  to  the  laboratory  where  a  random  sample  of  10  to 
20  individuals  was  drawn  from  each  species  and  total  length  (mm),  weight  (g) , 
sex  and  condition  of  gonads  was  recorded  for  individual  fish. 
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Locations  of  1981  gill  net  sampling  sites  In  Navigation  Courses 
3,  7  and  9,  and  Lake  George,  St.  Marys  River.  (S  *  nearshore; 

D  near  channel;  W1  >  W4  -  winter  sets  along  Course  5  transect) 


Methods  and  materials  for  the  1981  small  mesh  trap  net  program  are  stressed 
in  this  section.  However^  some  data  comparisons  with  the  previous  year  are 
made  in  the  results  section.  Methodologies  for  1981  were  similar  to  1980,  and 
reference  should  be  made  to  an  earlier  report  (Liston  et  al.  1980}  for  more 
details  of  small  trap  net  methods. 

Small  mesh  trap  net  samples  were  taken  with  6.35  mm  (.25")  bar  mesh  nylon 
nets  having  a  15.2  x  1  m  (50  x  3.3')  lead,  2.2  x  1  m  (7.2  x  3.3')  wings,  a 
1  nr  (10.8  ft^)  pot  and  a  single  heart.  Nets  were  set  in  emergent  vegetation 
and  open  areas  of  the  upper  littoral  zone  (Hutchinson  1967)  at  each  sampling 
location.  A  typical  sample  consisted  of  setting  duplicate  nets  in  the  evening, 
lifting  12  hours  later  (night  sample),  resetting  and  lifting  after  another  12 
hour  period  (day  sample).  Thus,  a  series  of  four  12-hour  samples  were  taken 
during  a  one  day  period. 

Monthly  series  were  taken  during  May  through  November  at  sampling 
locations  in  Navlgar:lon  Courses  5,  7  and  9  (Figure  6).  Additional  series  of 
samples  were  taken  during  August  and  October  in  Navigation  Course  5  to  facilitate 
comparisons  with  Lake  George  collections.  Monthly  sampling  during  May  through 
November  with  additional  series  in  July,  August  and  October  was  conducted  in 
Lake  George  (Figure  6) . 

Fish  samples  were  taken  to  the  laboratory  and  Iced  until  processed.  Pro¬ 
cessing  consisted  of  recording  the  total  number  and  total  weight  of  each  species 
captured,  and  recording  length  and  weight  data  for  Individuals.  Scale  samples 
were  taken  when  appropriate  for  later  determination  of  age. 

Trawls 

Methods  and  materials  for  the  1981  trawling  program  are  stressed  In  this 
section.  However,  some  data  comparisons  with  the  previous  year  are  made  in 
the  results  section.  Methodologies  for  1981  were  similar  to  the  previous  years, 
and  reference  should  be  made  to  earlier  reports  (Liston  et  al.  1979;  Liston  et 
al.  1980)  for  more  details  of  former  trawling  efforts. 

Bottom  trawl  samples  were  collected  at  night  with  a  semi-balloon  otter 
trawl  having  a  4.9  m  (16')  head  rope,  38  mm  (1.5")  stretched  mesh  body  and 
3  mm  (.1")  bar  mesh  cod  end  liner.  Each  sample  consisted  of  towing  the  trawl 
for  5  minutes  behind  a  19  ft  Aquasport  powered  by  twin  55  horsepower  outboard 
engines . 

Fish  samples  were  taken  to  the  laboratory  and  kept  on  Ice  overnight  and 
processed  the  following  morning.  Processing  consisted  of  recording  the  total 
number  and  total  weight  of  each  species  captured,  and  recording  length,  weight 
and  sex  data  for  individuals.  Scale,  otolith  or  fin  ray  samples  were  taken 
when  possible  for  later  determination  of  age. 

Ten  trawl  samples  were  collected  during  May  through  October  from  each  of 
Navigation  Courses  5,  7  and  9,  and  Lake  George  (Figure  7).  Samples  were  taken 


Figure  7.  Locations  of  1981  trawl  sampling  sites  in  Navigation 
Courses  5,  7  and  9,  and  Lake  George,  St.  Marys  River. 
(S  -  1.5  m  depth;  D  «  3.1  m  depth) 
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at  the  1.5  m  (5')  (nearshore)  and  3.1  m  (10')  (offshore)  depth  contours  of 
each  station  on  each  sampling  night. 


PBYSICAL  AND  CHEMICAL  ASPECTS 

Water  Chemistry,  Temperature  and  Turbidity 

Physical  and  chemical  parameters  were  measured  in  conjunction  with 
biological  sampling  in  Navigation  Courses  5,  7  and  9  (Middle  Neeblsh  Channel), 
and  Lake  George.  These  Included  water  temperature,  dissolved  oxygen  content, 
turbidity,  dissolved  solids  content  and  pH. 

Water  temperature  was  measured  just  below  the  surface  (0.5  m)  with  a  YSI 
thermlster  (Yellow  Springs  Instr.  Co.,  Yellow  Springs, Ohio)  or  with  a  hand¬ 
held  thermometer.  Dissolved  oxygen  samples  were  collected  at  mid-depth  (1  -  2  m) 
with  a  3.5  1  capacity  Van  Dom  bottle  (Wildlife  Supply  Co.,  Saginaw,  Michigan) 
and  analyzed  by  the  azide  modification  of  the  Winkler  tltrametrlc  method. 
Dissolved  solids  and  turbidity  samples  were  collected  just  below  surface  and 
analyzed  with  a  Myron  Model  512T3  dissolved  solids  meter  (Myron  Laboratories, 
Encinitas,  California)  and  Hach  Model  2100A  turbidimeter  (Hach  Chemical  Co., 

Ames,  Iowa),  respectively.  Water  pH  samples,  also  taken  just  below  surface, 
were  analyzed  with  either  a  Markson  Model  80  pH  meter  (Markson  Service,  Inc. , 

Del  Mar,  California)  or  a  Hach  color  comparator. 

Physical/chemical  data  were  grouped  by  depth  and  by  season.  Depths  were 
designated  as  either  nearshore  (one  meter  and  less  deep)  or  offshore  (greater 
than  one  meter  in  depth).  The  year  was  classified  into  seasons  as  follows: 
winter,  1  January  to  31  Marchj  spring,  1  April  to  14  June;  summer,  15  June  to 
31  August;  and  fall,  1  September  to  31  December. 

Winter  Sedimentation  Rates 


As  part  of  the  on-going  studies  by  the  Department  of  Fisheries  and  Wildlife 
at  Michigan  State  University  to  determine  and  evaluate  possible  Impacts  of 
proposed  winter  shipping  on  the  various  aquatic  aspects  of  the  St.  Marys  River 
system,  the  following  investigation  was  undertaken  as  a  pilot  study  for  the 
development  of  a  sediment  trapping  technique  and  for  the  collection  of  baseline 
winter  sedimentation  rate  data. 

The  cessation  of  commercial  shipping  during,  the  1980-81  winter  season 
allowed  sedimentation  rates  to  be  determined  in  the  St.  Marys  River  in  the 
absence  of  vessel  passage  (Coast  Guard  ice-breaker  activities  occurred, 
however,  and  one  vessel  passage  was  recorded  on  March  4  and  5) .  These  data 
will  provide  a  basis  for  comparison  with  the  winter  sedimentation  in  the  St. 
Marys  River  during  future  commercial  winter  shipping  activities. 

Sediment  deposition  was  measured  using  sediment  traps  in  shallow,  off- 
channel  areas  of  Lake  Nicolet  and  Course  7  (Figure  8) .  These  areas  may  receive 
Increased  sediment  deposition  by  the  proposed  winter  shipping  activities.  Lake 
George,  not  involved  in  commercial  navigation,  was  chosen  as  a  control 
(Figure  8) . 
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A  sediment  trap,  or  collector,  la  designed  to  measure  the  dovmward  flux 
of  particles  in  the  water  surrounding  the  trap.  Owing  to  hydrodynamic 
principles  which  affect  sediment  collection,  certain  design  characteristics 
must  be  taken  into  account  If  the  traps  are  to  give  a  correct  measure  of  the 
downward  flxix  of  particles,  especially  In  flowing  water.  A  major  problem  In 
sediment  trap  design  Is  preventing  excess  collection  of  material  (Hargrave  and 
Burns  1979) .  The  settling  flux  of  particles  In  water  depends  primarily  on 
other  factors  besides  turbulence.  But,  turbulence  can  affect  the  amount  of 
particles  trapped  If  concentration  gradients  result.  Concentration  gradients 
are  avoided  (i.e.  the  concentration  of'partlcles  within  the  trap  is  the  same  as 
the  surrounding  concentration  In  the  water)  in  calm  and  turbulent  waters  with 
simple  cylindrical  shaped  traps  (Hargrave  and  Bums  1979).  Once  the  sedlrienr 
has  settled  to  the  bottom  of  the  trap.  It  should  not  be  resuspended,  or  a  small 
area  of  quiet  water  should  always  be  present.  This  requires  the  cylinders  be 
of  ample  length  so  as  not  to  allow  turbulence  In  the  lower  portion.  Therefore, 
collectors  of  proper  design  should  be  cylinders  with  a  suitable  aspect  ratio: 
the  ratio  of  the  height  to  the  diameter  of  the  collection  tube.  The  greater 
the  horizontal  water  velocities  encountered,  the  greater  the  aspect  ratio  of 
the  collection  tube  should  be.  Collection  efficiencies  have  been  shown  in 
laboratory  experiments  to  be  near  100  percent  in  flowing  and  calm  situations 
for  cylindrical  sediment  collectors  with  aspect  ratios  of  at  least  10  (Hargrave 
and  Bums  1979) . 

Specifications  of  Sediment  Collectors.  The  sediment  traps  were  designed 
and  constructed  to  meet  the  required  specifications  for  proper  trapping 
efficiency  and  the  physical  constraints  directed  by  under>ice  application.  Each 
trap  consisted  of  four  collection  tubes  attached  with  hose  clamps  to  each 
comer  of  an  Iron  holding  frame  (Figure  9).  An  attachment  rod  extended  from  the 
center  of  each  frame,  where  a  line  could  be  tied  for  lowering  and  retrieving  the 
trap. 


The  collection  tubes  were  30.5  cm  lengths  of  2.5  cm  Inside  diameter  PVC 
tubing.  This  resulted  in  collection  tubes  with  an  aspect  ratio  of  12.  Maximum 
off-channel  current  velocities  of  26  cm/sec  in  Course  7  and  Lake  Mlcolet 
(Liston  et  al.  1980)  were  well  under  the  maximum  flow  velocity  in  which  resus¬ 
pension  begins  for  an  aspect  ratio  of  12  (Bloesch  and  Bums  1980) . 

The  folding  frames  were  designed  to  fit  through  a  25  cm  diameter  hole  cut 
by  a  gasoline-powered  ice  auger.  The  resulting  outside  dimensions  of  the  frame 
was  a  15.2  cm  square. 

Study  Site  Placement  and  Retrieval.  A  set  of  three  sediment  collectors 
were  placed  initially  at  each  station:  Lake  Nlcolet  on  3  February,  Course  7  on 
8  February,  and  Lake  George  on  5  February  1981  (Figure  8).  One  from  each  set 
was  lifted  after  different  exposure  times  during  ic6  cover.  The  first  series 
was  pulled  after  3  to  4  weeks  exposure,  the  second  series  after  approximately 
45  days,  and  the  third  series  left  to  remain  during  ice-out  and  pulled  shortly 
thereafter. 

Each  station  was  marked  with  a  long  alder  branch  and  the  exact  position 
of  each  site  was  determined  by  using  a  sextant.  Three  prominent  landmarks, 
usually  navigation  aides,  were  chosen  and  the  angles  between  them  measured. 
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Figure  S.  Design  and  dimension  of  sediment  traps  used  In  the  St.  Marys  River 
during  1981. 


This  was  done  to  allow  the  station  to  be  found  after  ice-out  and  for  plotting 
station  locations  on  a  nap. 

Sedlnent  collectors  were  carefully  brought  to  the  surface  so  as  not  to 
disturb  the  contents.  The  supernatant  water  was  poured  off  and  the  tops  sealed 
with  rubber  stoppers. 

Sedlnent  Analysis.  Sedlnents  collected  in  each  trap  were  renoved  through 
the  bjotton  by  renoving  the  lower  rubber,  stopper.  The  collection  traps  and 
rubber  stopper  were  rinsed  with  a  wash  bottle  to  remove  any  remaining  sediments. 
The  sediments  were  filtered  through  pre-welghed  5  p  pore  membrane  filters.  The 
filter  paper  and  sediments  were  dryed  at  105°  C  for  at  least  24  hours  to  a 
constant  weight . 

Ash-free  sediment  weights  were  determined  for  the  second  exposure  series. 
Ihese  sediments  were  heated  at  550°  C  for  2  hours  and  cooled  in  a  desslcator 
before  weighing. 

The  amount  of  sediment  collected  during  the  first  series  at  each  station 
was  subtracted  from  the  amount  collected  during  the  second  series.  This 
allowed  the  sedimentation  for  the  second  period  to  be  determined  at  each  station. 
Reported  sedimentation  rates  were  determined  from  the  mean  sediment  accumulation 
of  the  four  collection  tubes  on  each  trap  device. 

Sediment  Chemistry  of  Shipping  and  Non-Shlpplng  Channels 

The  St.  Marys  River  currently  experiences  heavy  seasonal  ship  traffic 
between  Lakes  Superior  and  Huron  with  an  average  of  12|712  vessels  carrying 
some  100,000,000  tons  of  cargo  per  year.  Crude  oil,  petroleum  products,  grain, 
steel,  coal,  taconlte,  and  iron  ore  comprise  most  of  the  cargo  (Hamdy  et  al. 
1978).  Although  no  extensive  water  quality  problems  exist  in  the  St.  Marys 
River,  elevated  levels  of  nutrients,  heavy  metals,  and  organic  compounds  have 
been  found  in  the  sediments.  Industries  and  sewage  treatment  plants  near  the 
upper  end  of  the  river  are  sources  of  contaminants  (Liston  et  al.  1980;  Kenaga 
1978;  Hamdy  et  al.  1978).  However,  no  Investigations  regarding  the  effects  of 
shipping  upon  the  sediment  chemistry  have  been  conducted  to  date.  This  study 
will  compare  the  sediment  of  an  active  shipping  channel  with  that  of  an  Inactive 
channel,  and  relate  the  physical  and  chemical  characteristics  of  each  to  natural 
and  anthropogenic  Influences. 

After  passing  through  the  Sault  Ste.  Marie  area,  the  St.  Marys  River 
divides  Into  the  Lake  Nlcolet  and  Lake  George  channels.  The  Lake  George 
channel  continues  east  through  little  Lake  George  and  subsequently  turns  south, 
entering  Lake  George.  This  channel  experienced  commercial  vessel  traffic  at  one 
time,  but  currently  Is  unused.  The  Lake  Nlcolet  channel  proceeds  south  from 
Its  divergence  with  the  main  river,  passing  through  Lake  Nlcolet.  This  channel 
Is  composed  of  two  parallel  channels,  one  upbound  and  one  downbound,  with  both 
currently  experiencing  commercial  freighter  traffic  (Figure  10) . 

On  18  June  1981,  three  sites  were  sampled  in  Lake  George:  one  in-channel 
and  one  each  east  and  west  of  the  channel.  Due  to  the  impermeable  nature  of  the 
substrate,  the  In-channel  sample  was  actually  collected  five  meters  east  of  the 
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channel.  On  19  June  1981,  three  sites  were  sampled  In  Lake  Nlcolet:  one  In- 
channel  and  one  each  east  and  west  of  the  channel. 

Sediment  cores  were  obtained  using  a  76.2  cm  brass  coring  apparatus  with 
butyrate  liners  (Wlldco  Supply  Co.,  Saginaw,  Michigan).  Depending  upon  the 
consistency  of  the  substrate,  four  to  twelve  cores  were  taken  at  each  site 
and  divided  between  a  1.9  1  plastic  container  for  subsequent  physical  analysis 
and  a  0.95  1  glass  container  for  subsequent  chemical  analysis. 

Laboratory  analysis  of  sai!q>les  wab  performed  by  Hydro  Research  services 
of  Pontiac,  Michigan.  Methodology  conformed  to  the  following  manuals: 

Methods  Manual  for  Bottom  Sediment  Sample  Collection,  USEPA,  Region  V,  Great 
Lakes  Surveillance  Branch,  January  1977;  Oiemistry  Laboratory  Manual  for  Bottom 
Sediments  and  Elutriate  Testing,  USEPA,  Surveillance  and  Analysis  Division, 
Region  V,  March  1979;  Chemistry  Laboratory  Manual  for  Bottom  Sediments,  Great 
Lakes  Region  Committee  on  Analytical  Methods,  USEPA,  December  1969;  Ifethods 
for  Chemical  Analysis  of  Water  and  Wastes,  USEPA,  March  1979;  and  Standard 
Methods  for  the  Examination  of  Water  and  Wastewater,  APHA,  14th  ed.  Parameters 
measured  were  total  solids,  total  volatile  solids,  chemical  oxygen  demand  (COD), 
total  Kjeldahl  nitrogen  (TKN),  ammonia  nitrogen  (MH3-N),  oil  and  grease,  total 
cyanide  (CN),  total  phosphorus  (P) ,  mercury  (Hg),  arsenic  (As),  copper  (Cu) , 
total  chromium  (Cr),  lead  (Pb),  zinc  (Zn),  Iron  (Fe),  nickel  (Nl),  manganese 
(Mn) ,  cadmium  (Cd),  barium  (Ba)  and  polychlorinated  biphenyls  (PCB) . 
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RESULTS 


BENTHIC  MACROINVERTEBRATES 
Navigation  Courses  7  and  9t  1981 

Taxonomic  Composition.  Eighty-seven  taxa  of  benthic  Invertebrates  were 
Identified  from  60  PONAR  grab  samples  collected  from  Navigation  Courses  7  and  9 
of  the  Middle  Neeblsh  Channel*  St.  Marys  River  during  1981  (Appendix  Tables 
A1  -  A4) .  The  majority  of  these  taxa  were  collected  from  both  navigation 
courses*  however*  each  course  also  contained  taxa  not  found  at  the  other. 

Chlronomldae  larvae  predominated  In  samples  collected  from  Course  7 
during  both  June  and  September  comprising  59.9%  and  55.8%  of  the  total  benthos* 
respectively  (Table  Al) .  Although  19  genera  were  Identified  from  Course  7 
samples*  3  genera  comprised  almost  three-quarters  of  the  June  and  over  half  of 
the  September  Chlrono^dae  (Table  A2) .  Polypedllum  sp.*  Larsla  sp.*  and 
Cryp tochlronomus  sp.  coizq>rlsed  37.7%*  19.8%  and  16.1%  of  the  Chlronomldae* 
respectively*  during  June.  Other  genera  which  comprised  greater  than  5%  of  the 
June  ChlronoMdae  Included  Cladotanytarsus  sp.  and  Procladlus  sp.  During 
September  Polypedllinn  sp.  and  Larsla  sp.  were  again  predominant,  each  comprising 
21.2%  of  the  total  Chlronomldae.  Procladlus  sp.  represented  14.1%  of  the 
September  Chlronomldae*  while  genera  comprising  greater  than  5%  of  the  total 
Chlronomldae  Included  Ablabesmyla  sp . *  Coelotanypus  sp . *  and  Tany tarsus  sp . 

Five  genera  of  Ephemeroptera  were  collected  from  Navigation  Course  7 
during  1981  Including  Ameletus  sp.*  Caenls  sp.*  Ephemera  sp.*  Hexagenla  sp. 
and  Leptophlebla  sp.  The  most  abundant  mayfly  collected  from  Course  7  was 
Hexagenla  sp.  which  comprised  85%  and  80%  of  the  mayflies  collected  in  June 
and  Septeiid>er*  respectively  (Tables  Al  and  A2) .  Ephemera  sp.  was  also  common  at 
Course  7.  Both  of  these  burrowing  mayflies  were  more  abundant  on  the  west 
(United  States)  side  of  the  river.  Other  genera  of  Ephemeroptera  were  less 
common  and  more  Irregular  In  distribution. 

Trichoptera  were  represented  by  10  genera  at  Course  7.  Polycentropus  sp. 
comprised  43.2%  of  the  June  and  15.4%  of  the  September  Trichoptera.  Three 
genera  of  Leptocerldae  (Mystacldes  sp.*  Oecetls  sp.  and  Trlanodes  sp.)  together 
comprised  16.8%  of  the  June  and  39.4%  of  the  September  Trichoptera.  Other 
genera  of  Trichoptera  were  encountered  infrequently. 

Other  taxa  which  comprised  significant  portions  of  the  total  benthos  at 
Course  7*  but  were  not  taxonomlcally  diverse  Included  Ceratopogonidae,  the 
amphlpod  Hyalella  azteca.  the  Isopod  Asellus  sp.  and  Ollgochaeta.  Ollgochaeta 
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were  not  Identified  to  the  generic  or  specific  level.  However,  Ollgochaeta 
cooprlsed  21. OZ  of  the  June  and  16.9%  of  the  September  benthos  at  Course  7. 

Mollusks  were  common  In  June  samples  from  Course  7,  but  uncommon  in 
Septeidser.  Gastropoda  comprised  2.0%  of  the  total  benthos  from  Course  7  during 
June,  with  Annlcola  sp.  being  the  most  common  genera  encountered.  Pelecypoda 
(Sphaerlum  sp.  and  Plsldlum  sp.)  were  collected  In  low  numbers  on  the  west  side 
of  the  river  during  June.  Neither  genera  was  nximerically  common,  however. 

The  taxonomic  composition  of  benthic  invertebrates  at  Navigation  Course  9 
during  1981  was  similar  to  that  found  at  Course  7,  with  several  exceptions.  As 
at  Course  7,  Chlronomldae  were  the  most  abundant  taxon  comprising  59.9%  and 
55.5%  of  the  total  benthos  during  spring  and  fall,  respectively  (Tables  A3  and 
A4) .  As  at  Course  7 ,  Procladius  sp . ,  Polypedilum  sp .  and  Larsia  sp .  were 
common  at  Course  9  during  June  and  comprised  31.2%,  14.4%  and  10.2%  of  the  total 
Chlronomldae,  respectively.  In  addition,  Stlctochlronomus  sp.,  a  genera  uncommon 
at  Course  7,  comprised  19.4%  of  the  total  Chlronomldae  of  Course  9  during  June 
(Table  A3).  During  September  Larsia  sp.,  Polypedilum'  sp.,  Stlctochlronomus  sp., 
and  Procladius  sp.  comprised  36.9%,  20.5%,  14.1%  and  13.4%  of  the  total 
Chlronomldae,  respectively. 

Ephemeroptera  and  Trlchoptera  collected  from  Course  9  were  roughly  similar 
to  Course  7.  Hexagenla  sp.  was  the  most  common  ephemeropteran  collected  from 
Course  9.  However,  Ephemerella  sp.  and  Isonychla  sp.  which  appeared  In  June 
Course  9  samples  were  not  found  at  Course  7.  Phylocentropus  sp.,  was  the  most 
common  Trlchoptera  collected  from  Course  9  during  both  June  and  September 
(Tables  A3  and  A4) . 

Ollgochaeta  were  less  common  at  Course  9  than  at  Course  7  in  June.  The 
amphlpod  Gammarus  sp.  was  collected  from  Course  9,  but  absent  from  Course  7 
and  the  Isopod  Llrceus  sp.  was  more  common  at  Course  9  than  Course  7.  In 
addition,  more  genera  of  mollusks  (6  Gastropoda  and  3  Pelecypoda)  were  collected 
from  Course  9  than  Course  7. 


Abundance.  Estimates  of  mean  total  macroinvertebrate  abundance  at  Courses 
7  and  9  ranged  from  2,016  -  22,340/m^  outside  the  navigation  channel  during  June 
and  September  combined.  Within  the  navigation  channel  estimated  means  were 
980  -  4,186/m^.  Seasonal  mean  abundances  of  total  benthos  at  Course  7  were 
11,693.2/m^  In  June  and  8,283.2/m^  in  September.  Outside  the  navigation  channel 
seasonal  mean  abundance  of  total  benthos  was  13,570. 0/m^  during  June  and 
10,109.0/m^  during  September.  Similarly,  at  Course  9  seasonal  mean  abundances 
of  total  benthos  were  7,337.0/m^  during  June  and  9,032.4/m^  during  September. 
Omitting  the  navigation  channel,  seasonal  means  for  Course  9  were  8,847.5/m^  and 
10,688.5/m^  during  June  and  September,  respectively.  Differences  in  total 


benthic  Invertebrate  abundance  among  Courses  7  and  9  were  not  significant 
(P  >  0.10,  ■  1.65,  3df )  .  However,  estimates  of  total  benthos  abidance 

within  the  navigation  channel  were  significantly  lower  (P  <  0.05,  =  10.2,  4df) 

than  estimates  of  abundance  outside  the  navigation  channel  when  considering 


both  courses  combined. 
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Annual  Ccwaparlsons,  1979  vs.  1981 

Benthic  mcroinvertebrate  data  collected  previously  allow  comparisons  of 
the  present  1981  data  with  1979  data  among  three  navigation  courses*  5*  7  and 
9.  At  two  of  these  sites*  Courses  7  and  9*  collection  methods  were  identical 
during  1979  and  1981.  However*  following  1979  the  Navigation  Course  7 
biological  sampling  station  was  relocated  northward  so  as  to  lie  in  closer 
proxl^ty  to  the  1979  Course  6  station.  Because  of  this  comparisons  made 
between  years  for  Course  7  were  made  between  Course  6*  1979*  and  Course  7*  1981. 
At  Navigation  Course  5  one  offshore  site  was  sampled  on  five  dates  during  1981. 
Data  from  June  and  October  of  1981  are  compared  with  the  Hay/June  and  Septeiid>er 
data  of  1979.  However*  data  from  Course  5  were  not  tested  statistically 
because  of  the  limited  replication  per  date. 

Navigation  Course  5.  Abundance  of  total  benthic  Invertebrates  at  the  3  m 
depth  west  of  the  downbound  navigation  channel  was  greater  in  1981  than  in  1979 
during  both  spring  and  fall.  Total  benthos  during  spring  1981  (15,768/m^)  was 
roughly  five  times  that  during  spring  1979  (3*100/m^K  Greater  nu^ers  were  ^ 
due  primarily  to  greater  numbers  of  Chlronomldae  (1.718/m^  in  1979  and  10,633/m 
in  1981)  and  Oligochaeta  (63/m^  in  1979  and  l*97A/m^  in  1981).  Amphlpoda  were 
also  more  abundant  in  spring  1981  (l,617/ii^)  than  1979  (594/m^) . 

During  fall  a  similar  pattern  was  noted.  Chlronomldae  were  much  more 
abundant  in  October  1981  samples  (13*418/m^)  than  in  September  1979  samples 
(2,332/m2).  Other  taxa  exhibiting  Increases  of  a  similar  magnitude  from  fall 
1979  to  1981  were  Oligochaeta  (5*660  vs.  24*280/m^)*  Amphlpoda  (352  vs.  3*640/m^) 
and  Bphemeroptera  (104  vs.  l,001/m^)> 

The  only  shifts  in  generic  Importance  noted  between  years  was  within  the 
Chlronomldae.  During  spring*  1979*  the  most  common  genera  at  Course  5  were 
Larsia  sp.*  Cricotopus  sp.,  Procladius  sp.*  and  Heterotrissocladius  sp.  During 
spring,  1981*  the  most  common  genera  Included  Polypedilum  sp.*  Cricotopus  sp., 
Larsia  sp.*  and  Procladius  sp.  also  in  decreasing  order  of  abundance.  Hetero¬ 
trissocladius  sp.  was  not  found  at  Course  5  in  spring  1981. 

Navigation  Course  7.  Mean  abundance  of  total  benthic  Invertebrates  at 
Course  7  exhibited  a  similar  pattern  among  years  during  both  seasons  (Figure  11). 
Lowest  densities  were  consistently  found  within  the  navigation  channel.  Highest 
densities  were  more  often  found  in  deep  water  adjacent  the  navigation  channel 
than  in  shallow  water.  Overall  transect  means  of  total  benthos  were  slightly 
greater  in  1981  than  in  1979.  Mean  abundances  of  total  benthos  during  spring 
and  fall  1981  were  11*693  and  8*283/m^,  while  mean  abundances  during  spring  and 
fall,  1979,  were  8*801  and  6,748/m2*  respectively.  Differences  in  total  benthic 
Invertebrate  abundance  among  years  at  Course  7  were  not  statistically  significant 
(P  >  0.10,  X2  0.10*  3df  -  6.12). 

Chlronomldae  comprised  55.8  -  68.0%  of  the  total  benthos  at  Course  7 
bettreen  years  and  seasons.  As  would  be  expected  Chlronomldae  had  the  greatest 
Influence  on  total  benthos  abundance  data.  As  with  total  benthos,  patterns  in 
abundance  across  transects  were  similar  within  seasons*  with  lowest  densities 
occurring  in  the  navigation  channel  (Figure  12) .  Greatest  Increases  in 
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Figure  lU  Comparison  of  1979  and  1981  total  benthos  at  Navigation  Course 
7  during  June  and  September,  St.  Marys  River.  (WS  ■  west 
shallow,  WD  *  west  deep,  CH  ■  channel,  ED  «  east  deep,  ES  « 
east  shallow) 
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Figure  12.  Comparison  of  1979  and  1981  abundance  of  Chlronomldae  at 
Navigation  Course  7  during  Juiie  and  September,  St.  Marys 
River.  (WS  ■  west  shallow,  VD  >  west  deep,  CH  -  channel, 
ED  *  east  deep,  ES  ■  east  shallow) 


Chironoaldae  from  1979  to  1981  occurred  at  the  east  deep  station  during  spring, 
the  vest  deep  station  in  fall  and  the  east  shallow  station  during  fall  (Figure 
12). 


The  second  most  abundant  taxon  of  benthic  invertebrates  at  Course  7  was 
Ollgochaeta  during  both  years.  Ollgochaeta  exhibited  a  greater  proportional 
Increase  among  years  than  most  other  taxa  (Figure  13) .  Ollgochaeta  comprised 
9.5Z  and  10. OZ  of  the  spring  and  fall,  1979,  benthos  but  during  1981  comprised 
21  .OZ^  and  16. 9Z  of  the  spring  and  fall  .benthos,  respectively.  Greatest  nuiid>ers 
of  Ollgochaeta  were  found  at  deep  water  stations  adjacent  to  the  navigation 
channel  In  1981,  while  In  1979  greater  nuiid>ers  were  found  at  shallow  water 
stations  (Figure  13) . 

Other  common  taxa  which  were  collected  In  greater  numbers  in  1981  than 
1979  Included  Ephemeroptera  and  Ceratopogonldae.  Ceratopogonldae  were  roughly 
twice  as  common  In  1981  samples  as  in  1979  samples.  Ephemeroptera  at  Course  7 
were  comprised  mostly  of  Hexagenla  sp.  Ephemeroptera  were  consistently 
collected  In  greater  numbers  on  the  west  side  of  the  navigation  channel  than 
the  east  side  (Figure  14). 

Common  taxa  which  were  collected  In  lower  numbers  In  1981  than  In  1979 
Included  Gastropoda,  Pelecypoda,  Isopoda,  and  Amphlpoda.  Gastropoda  comprised 
1.9  and  3.7Z  of  the  spring  and  fall  benthos  during  1979,  but  only  2.0  and  1.4% 
of  the  spring  and  fall  benthos  for  1981.  Pelecypoda,  which  were  present  In 
low  numbers  during  1979  were  uncommon  at  Course  7  In  1981.  Isopoda  comprised 
8.8%  of  the  spring,  1979,  benthos  but  only  0.6%  of  the  spring,  1981,  benthos. 
Similarly,  during  fall  Isopods  comprised  5.4%  and  1.7%  of  the  1979  and  1981 
benthos,  respectively.  Amphlpoda  densities  were  similar  between  years  except  for 
low  numbers  collected  east  of  the  navigation  channel  during  1981  (Figure  15) . 

As  at  Course  5  the  only  differences  In  taxonomic  composition  of  benthos 
at  Course  7  between  years  was  within  the  Chironomldae.  Piedominant  genera  in 
spring  1979  Included  Trlbelos  sp.,  Polypedllum  sp.  and  Procladlus  sp.  which 
comprised  40.0%,  23.0%  and  11.7%  of  the  Qilronomldae.  In  spring  1981  Trlbelos 
sp.  was  absent,  while  Polypedllum  sp.,  Larsla  sp.  and  Cryp toch Ironomus  sp. 
comprised  37.7%,  19.8%,  and  16.1%  of  the  Chironomldae,  respectively. 

Navigation  Course  9.  Abundance  of  total  benthic  invertebrates  at  Course  9 
during  spring  1981  was  235%  of  that  recorded  In  1979  (Figure  16).  During  fall, 
however,  abundances  among  years  were  almost  identical  when  considering  transect 
means  (9,294/ffl^  In  1979  vs.  9,032/m^  in  1981).  Abundance  of  total  benthos  at 
Course  9  during  spring,  1979,  was  significantly  lower  than  on  other  sampling 
dates  (P  <  0.10,  ■  0.10,  3df  ■  6.84).  As  in  Course  7  lowest  densities  of 

total  benthos  were  consistently  found  within  the  navigation  channel  of  Course 
9.  However,  at  Course  9  a  greater  proportion  of  the  total  benthos  was  collected 
at  shallow  stations  when  both  years  and  seasons  were  considered  (Figure  16) . 

Chironomldae  were  also  the  most  abundant  taxa  collected  from  Course  9 
during  both  years  and  their  fluctuations  are  reflected  In  total  benthos  data. 
Spring  1981  Chironomldae  densities  were  243%  those  recorded  In  spring  1979 
(1,809/m^  in  1979  vs.  4,394/m2  in  1981).  During  fall,  abundance  among  years 
was  similar,  but  lower  In  1981. 
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Figure  13.  Comparison  of  1979  and  1981  abundance  of  Oligochaeta  at  Navigation 
Course  7  during  June  and  September,  S’t.  Marys  River.  (WS  ■  west 
shallow,  W)  ■  west  deep,  CH  ■  channel,  ED  ■  east  deep,  ES  ■  east 
shallow) 
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Figure  14.  Comparison  of  1979  and  1981  abundance  of  Ephemeridae  at  Naviga¬ 
tion  Course  7  during  June  and  Sep tetter,  St.  Harys  River. 

(WS  *  vest  shallow,  WD  «  west  deep,  CH  -  channel,  ED  -  east  deep, 
ES  ■  east  shallow) 
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Figure  15.  Comparison  of  1979  and  1981  abundance  of  Amphlpoda  at  Navlga' 
tlon  Course  7  during  June  and  September,  St.  Marys  River. 

(WS  ■  west  shallow,  WD  ■  west  deep,  CH  ■  channel,  ED  ■  east 
deep,  ES  ■  east  shallow) 
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Figure  16.  Comparison  of  1979  and  1981  total  benthos  at  Navigation  Course 
9  during  June  and  Septeniber,  St.  Marys  River.  (WS  -  west 
shallow,  VD  -  west  deep,  CH  -  channel,  ED  -  east  deep,  ES  - 
east  shallow) 
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Oligochaeta  ware  collacted  In  greater  nuabers  during  both  seasons  in  1981. 

Aa  at  Course  7,  Gastropoda  were  collected  in  greater  nuiid>ers  during  spring  1981 
than  spring  1979 »  but  this  situation  was  reversed  for  fall.  Pelecypoda 
Mdilbltad  a  pattern  of  abundance  slnllar  to  Gastropoda »  except  Pelecypoda  numbers 
were  less  during  fall  1981.  Ephemeroptera  was  the  only  other  coasKm  taxa  which 
Increased  In  abundance  from  1979  to  1981.  As  at  Course  7*  Hexagenla  sp.  was  the 
■ost  coaaon  ephemeropteran  at  Course  9*  although  Caenls  sp.  was  cosnon  at  shallow 
statlMs  in  fall.  Other  common  taxa  either  Increased  in  abundance  from  1979  to 
1981  during  spring,  then  decreased  during  fall  or  vice  versa.  However,  abundance 
of  these  taxa  were  not  sufficient  to  influence  total  benthic  trends. 

Again  taxonomic  differences  from  1979  to  1981  were  chiefly  within  Chlro- 
nomldae.  However,  the  ephemeropteran  Caenls  sp.  was  common  at  shallow  stations 
during  fall  1981,  whereas  only  a  single  individual  was  collected  In  fall  1979. 
During  spring  1979  the  Chlronomldae  Trlbelos  sp.  and  Polypedllum  sp.  comprised 
34Z  and  26Z  of  the  total  Chlronomlda^n  During  spring  1981  Trlbelos  sp.  was 
absent  while  Polypedllum  sp.  (14. 4Z),  Procladlus  sp.  (31. 2Z),  and  Larsla  sp. 
(10.2Z)  were  predominant  genera. 

Havlgatlon  Course  S  (Lake  Nlcolet),  1981 

Eighty-three  taxa  of  benthic  invertebrates  were  collected  from  Navigation 
Course  5  during  1981.  Kany  of  these  taxa  occurred  in  both  the  vegetated 
littoral  zone  and  the  offshore  area.  Others,  however^  were  restricted  to  one 
or  the  other  habitat  (Tables  AS  through  A9). 

At  the  3  m  depth  zone  Chlronomldae  comprised  53. 4Z  of  the  total  benthos  on 
a  seasonal  basis  (28. 3Z  -  67. 3X).  Polypedllum  sp.,  Ablabesmyla  sp.,  Procladlus 
sp.,  and  Larsla  sp.  were  the  most  common  genera  comprising  33Z,  22Z,  lOZ  and  9Z 
of  the  Chlronomldae,  respectively,  during  all  months.  Polypedllum  sp.  and 
Procladlus  sp.  were  common  throughout  the  year  idiile  Ablabesmyla  sp.  and  Larsla 
sp.  were  most  common  In  fall. 

Oligochaeta  were  the  second  most  common  taxa  at  this  station  comprising 
5.7Z  to  33. OZ  of  the  total  benthos  by  month.  Amphlpoda  comprised  13. 2Z  of  the 
benthos  seasonally  and  98Z  of  these  were  Hyalella  azteca. 

Ephemeroptera  at  the  3  m  depth  included  Caenls  sp..  Ephemera  sp.  and 
Hexagenla  sp.  The  latter  two  genera  each  comprised  42. OZ  of  the  total  Ephem¬ 
eroptera  of  this  station.  Trlchoptera  were  common,  but  not  abundant.  The  most 
coomon  trlchopteran  was  Polycentropus  sp.  Other  major  taxa  which  were  commonly 
collected  and  their  predominant  genera  Include  Isopoda  (Llrceus  sp.).  Gastropoda 
(Amnlcola  sp.)  and  Pelecypoda  (Sphaerlum  sp.).  Other  taxa  were  collected  In 
low  numbers  (Tables  A5  through  A9) . 

Chlronomldae  comprised  57. 3Z  of  the  littoral  zone  Invertebrates  on  a 
seasonal  basis  (range  37. 5Z  -  72. 8Z).  On  a  seasonal  basis,  Paratany tarsus  sp. 
comprised  22. OZ  of  the  total  Chlronomldae  even  though  It  was  collected  only  in 
October  and  December.  Polypedllum  sp.,  Larsla  sp.,  and  Procladlus  sp.  were  also 
comson  In  the  littoral  zone  comprising  21. 5Z,  16.5%  and  11. 4Z  of  the  Chlronomldae, 
respectively.  The  other  common  offshore  genera,  Ablabesmyla  sp.,  was  uncommon 
In  the  littoral  zone. 
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Sewn  genera  of  Epheaeroptera  were  collected  from  the  littoral  zone 
coapared  to  5  offshore,  Calllbaetis  sp.  and  Aaeletus  ap.  were  taken  in  the 
littoral  zone,  but  not  offshore.  The  predoalnant  epheaeropteran  In  this 
area  was  Caenla  ap.  coaprlsing  93Z  of  the  seasonal  Epheaeroptera. 

Ten  genera  of  Trlchoptera  were  collected  In  the  littoral  zone.  Six  of 
these  genera  were  not  collected  offshore.  The  predoalnant  trichopteran, 
however,  was  Polycentropus  sp.  which  is  also  coaaon  at  the  3  a  depth. 

Aaphlpoda  coaprised  5.6Z  of  the  total  benthos  of  the  littoral  zone 
seasonally.  The  predominant  aaphlpod  was  Hyalella  azteca.  but  Gamma rus  sp.  was 
also  common  In  the  littoral  zone.  Isopoda  were  auch  more  common  In  littoral 
saaq>le8  than  offshore  samples  comprising  6.8Z  of  the  total  benthos  of  the 
littoral  zone  seasonally.  VAiereas  Llrceus  ap.  was  predominant  offshore,  Asellus 
sp.  comprised  more  than  80Z  of  the  littoral  Isopods. 

Ollgochaeta  were  conmon  In  the  littoral  zone  also  comprising  14.9%  of  the 
total  benthos  seasonally.  Although  not  routinely  identified  littoral  ollgo- 
chaetes  were  mostly  Naldldae. 

Other  taxa  which  characterized  the  littoral  zone  Included  Slgara  sp. 
(Corlxldae),  Enallagma  sp.  (Zygoptera),  Ferrlssla  sp.  (Gastropoda),  and 
Paraponyx  sp.  (Lepldoptera) .  In  addition  Ostracoda  were  conmon  in  August 
through  December  samples. 

Abundance  of  total  benthic  Invertebrates  was  greater  in  the  littoral  zone 
of  Navigation  Course  5  than  at  the  3  m  depth  (Figure  17).  Seasonal  means  were 
18,506 /m^  in  the  littoral  zone  and  13,771/m^  at  the  3  a  depth.  Greatest 
abxmdance  occurred  during  October  in  both  areas.  Seasonal  maxima  In  the 
littoral  zone  was  32,853/m^  while  seasonal  maxima  offshore  was  24, 280 /n^.  From 
April  through  August,  total  Invertebrate  abundance  at  the  two  sites  appeared 
out  of  phase  (Figure  17).  During  April  and  August  densities  In  the  littoral 
zone  were  greater  than  offshore,  while  in  June  the  opposite  was  true. 


Total  benthic  Invertebrate  abundance  under  Ice  during  March  was  very  low. 
Mean  abimdance  from  6  PONAR  grab  samples  was  385/m^  (Table  AlO) .  The  only  taxa 
occurring  In  more  than  one  sample  Included  Empldldae,  Crlcotopus  sp., 

Orthocladlus  sp.  (Chlronomldae) ,  and  Ollgochaeta. 

Lake  George 

As  in  other  areas  of  the  St.  Marys  River,  Chlronomldae  were  the  most  common 
taxa  recorded  at  the  3  m  depth  station  of  Lake  George  comprising  46.1%  of  the 
benthos  seasonally.  Predominant  genera  on  a  seasonal  basis  included  Polypedllum 
sp.,  Ablabesmyla  sp.,  Larsla  sp.,  and  Procladlus  sp.  comprising  34.9%,  23.4%, 
12.3%  and  10.8%  of  the  total  Chlronomldae,  respectively  (Tables  All  through  A15) . 
Cryptochlronomus  sp.  and  Dicrotendlpes  sp.  were  common  on  certain  sampling 
dates . 

Unlike  other  areas  of  the  river  sampled,  Ephemeroptera  were  the  second 
most  abundant  taxa  at  the  3  m  depth  comprising  12.5%  of  the  total  benthos 
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Figure  17,  Seasonal  abundance  of  total  benthic  Invertebrates  at  the 
3  meter  depth  zone  (solid  circles)  and  in  the  vegetated 
littoral  zone  (open  circles)  of  Navigation  Course  5  during 
1981. 
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seasonally.  Hexagenla  sp.  was  the  most  cossnon  genera  conprlslng  73.8%  of  the 
Epheneroptera  and  1.7%  to  19.0%  of  the  total  benthos.  Ephemera  sp.,  Caenls 
sp.,  and  Leptophlebla  sp.  were  also  collected  at  this  station. 

Trlchoptera  comprised  2.3%  of  the  benthos  seasonally  at  this  station. 
Polycentropus  sp.  comprised  33.8%  of  the  Trlchoptera,  however,  Phylocentropus 
sp.  occurred  more  regularly.  The  only  other  Insects  collected  from  the  3  m 
depth  were  an  Individual  Nymphula  sp.  (Lepldoptera)  and  Ceratopogonldae  (Tables 
All  through  A15) .  Ceratopogonldae  were  cosanon  at  this  station  and  made  up 
3.8%  of  the  benthos  seasonally. 

Mollusks  were  sometimes  abundant  In  Lake  George.  Seasonally  Pelecypoda 
comprised  8.4%  (0.2  -  19.1%)  and  Gastropoda  4.7%  (0.6  -  16.6%).  Common  genera 
Included  Plsldlum  sp.,  and  Sphaerlum  sp.  which  comprised  54.2%  and  45.6%  of  the 
Pelecypoda.  Aimicola  sp.  comprised  90.3%  of  Gastropoda  collected. 

Amphipoda  were  also  common  offshore  In  Lake  George  and  comprised  8.2%  of 
the  benthos  seasonally.  Most  of  the  Amphipoda  were  Hyalella  azteca.  Isopoda 
were  less  common  (2.7%  of  the  benthos  seasonally)  and  Llrceus  sp.  outnumbered 
Asellus  sp.  roughly  10:1  at  this  station.  The  other  common  component  of  the 
benthos  at  this  station  were  Ollgochaeta  which  comprised  12.3%  of  the  benthos 
seasonally. 

Chlronomldae  were  also  the  predominant  organism  In  samples  from  the  Lake 
George  littoral  zone.  Forty-four  percent  of  the  benthos  collected  were 
Chlronomldae  on  a  seasonal  basis  (Tables  All  through  A15) .  Larsla  sp.  comprised 
19.9%  of  the  Chlronomldae  seasonally  even  though  it  was  collected  only  In  June 
and  October.  In  October  Larsla  sp.  made  almost  one  half  of  the  Chlronomldae. 
Other  common  genera  Included  Polypedllum  sp.  and  Ablabesmvla  sp.  comprising 
12.8%  and  11.1%  of  the  Chlronomldae  seasonally.  Dlcrotendlpes  sp.  was  also 
common  In  the  Lake  George  littoral  zone. 

Ollgochaeta  were  more  common  In  the  Lake  George  littoral  samples  than 
elsewhere  and  comprised  27.7%  of  the  benthos  from  this  site  seasonally.  During 
June  and  August  Ollgochaeta  comprised  40.0%  and  59.6%  of  the  total  benthos, 
while  In  April  they  comprised  12.4%  of  the  total. 

Ephemeroptera  comprised  6.1%  of  the  benthos  seasonally.  The  predominant 
genera  (82.6%  of  the  Ephemeroptera)  was  Caenls  sp.  The  only  other  taxon  com¬ 
prising  more  than  5%  of  the  benthos  seasonally  was  Ostracoda  (6.8%).  However, 
this  was  due  to  large  numbers  collected  In  October  as  Ostracoda  were  taken  only 
In  August  and  October. 

Other  major  taxa  accounted  for  relatively  low  percentages  of  the  total 
benthos,  because  of  the  high  densities  of  other  organisms.  These  major  taxa 
and  their  predominant  genera  Included  Trlchoptera  (Polycentropus  sp.), 
Lepldoptera  (Nymphula  sp.),  Amphipoda  (Hyalella  azteca) »  Isopoda  (Asellus  sp.), 
and  Gastropoda  (Ferrlssla  sp.). 

Benthic  invertebrates  were  more  abundant  in  the  littoral  zone  of  Lake 
George  than  the  3  m  depth  on  all  dates  except  April  (Figure  18).  Seasonal  mean 
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Figure  18.  Seasonal  abundance  of  total  benthic  Invertebrates  at  the  3 

oeter  depth  (solid  circles)  and  In  the  vegetated  littoral  zone 
(open  circles)  of  Lake  George  during  1981. 
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abundance  in  the  littoral  zone  was  17,9l5.2/in  while  at  the  3  m  depth  it  was 
9,084.4/0^.  Lowest  densities  were  recorded  in  April  and  August,  although  a 
June  peak  in  abundance  was  found  between  these  dates.  Greatest  densities  were 
recorded  in  fally  and  seasonal  naxima  of  36,476/n^  occurred  in  December. 

Densities  in  April  and  June  at  the  3  m  depth  station  were  comparable. 

The  seasonal  minima  (3,619/m^)  was  recorded  in  August.  Autumn  densities  were 
greater  than  spring  or  summer.  The  seasonal  maxima  (IS.Oll/m^)  at  this  site 
also  occurred  in  December. 

Secondary  Productivity,  Navigation  Course  5  and  Lake  George 

Benthic  standing  crop  was  greater  in  the  littoral  zone  of  Navigation  Course 
5  than  at  the  3  m  depth.  Seasonal  mean  standing  crop  within  the  littoral  zone 
was  6,386.7  mg/m^  while  at  the  3  m  depth  it  was  4,550.0  mg/m^  dry  weight.  The 
seasonal  minimum  standing  crop  in  the  littoral  zone  occurred  in  June  (1,097.0 
mg/m^)  whereas  the  seasonal  minimum  at  3  meters  occurred  in  August  (2,917.7 
mg/m^,  Figure  19) .  Seasonal  maximum  standing  crop  within  the  littoral  zone 
occurred  in  December  (10,449.4  mg/m^)  and  in  October  at  the  3  m  depth  (5,634.5 
mg/mh . 

Total  annual  production  was  calculated  for  15  common  Invertebrates.  In 
Course  5,  the  sum  of  these  production  estimates  was  similar  at  the  3  m  depth 
(10,704.2  mg/m^/yr)  and  in  the  littoral  zone  (11,318.9  mg/m^/yr).  Greatest 
production  at  the  3  m  depth  was  achieved  by  the  amphlpod  Hyalella  azteca  and 
the  chlronomld  Polypedilum  sp.  with  each  exceeding  2,200  ng/mi^/yr  (Table  3). 

Other  common  genera  contributing  substantial  production  Included  Ablabesmvia  sp., 
Procladius  sp.,  Lirceus  sp..  Ephemera  sp.  and  Hexagenia  sp.  in  decreasing 
order  (Table  3) . 


Greatest  production  within  the  littoral  zone  was  achieved  by  Asellus  sp., 
an  Isopod  (2,776.7  mg/m^/yr) .  Production  of  Polypedilum  sp.  in  the  littoral 
zone  exceeded  1,500  mg/m^/yr  while  four  other  genera  were  found  to  have 
production  exceeding  1,000  mg/m^/yr  including  Procladius  sp.,  Caenis  sp., 

Hyalella  azteca.  and  Lirceus  sp. 

Annual  production  to  seasonal  mean  biomass  ratios  (P/B  ratio)  generally  were 
in  the  range  of  2  -  6  at  both  sites  (Table  4).  However,  Hexagenia  sp.  and 
Asellus  sp.  had  P/B  ratios  slightly  less  than  2  at  the  3  m  depth  and  Polypedilum 
sp.  also  had  a  lower  P/B  ratio  in  the  littoral  zone.  Sphaerium  sp.  had  very 
low  P/B  ratios  at  both  sites  (Table  4).  High  P/B  ratios  were  exhibited  by 
Polycentropus  sp.  at  both  sites  and  by  Ephemera  sp.  in  the  littoral  zone. 


The  benthic  standing  crop  in  Lake  George  was  greater  offshore  than  in  the 
littoral  zone.  Seasonal  mean  standing  crop  at  3  meters  was  17,183.4  mg/m^ 
compared  to  6,688.3  mg/m^  in  the  littoral  zone.  Seasonal  minimum  standing  crop 
(6,906.4  mg/m2)  occurred  in  August  at  the  3  m  depth  and  in  April  (693.9  mg/m^) 
in  the  littoral  zone  (Figure  20) .  Seasonal  maximum  standing  crops  were  found 
in  June  at  the  3  m  depth  (32,076.4  mg/m^)  and  in  October  in  the  littoral  zone 
(16,152.3  mg/m2). 
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Table  3 .  Production  estimates  for  common  invertebrate  taxa  occurring  in  the  vegetated  littoral  and  3 
meter  depth  areas  of  Navigation  Course  5  and  Lake  George,  St.  Marys  River,  1981 »  Units  are 
mg  •  m^  •  yr  dry  weight. 
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TOTAL  10,704.2  11,318.9  16,046.5  6,171.2 
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Figure  20.  Seasonal  standing  crop  as  biomass  in  g/m  dry  weight  in 
Lake  George  at  the  3  meter  depth  (solid  circles)  and  in 
the  vegetated  littoral  zone  (open  circles)  during  1981. 
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The  sum  of  production  estimates  from  the  3  m  depth  In  Lake  George  (16,046.5 
mg/i^/yr)  was  greater  than  that  (6*171.2  mg/m^/yr)  found  In  the  littoral  zone 
(Table  3).  Production  estlaiates  for  Bexagenla  sp.  (6*206.4  mg/m^/yr)  and 
Sphaerlum  sp.  (4,346.7  mg/m^/yr)  at  the  3  m  depth  of  Lake  George  were  the 
greatest  for  any  taxa  at  all  sites  examined.  Polypedllum  sp.*  Hyalella  azteca. 
and  Llrceits  sp.  also  together  contributed  18. IT  of  the  calculated  production 
offshore  at  Lake  George  (Table  3) . 

Greatest  production  In  the  littoral  zone  of  Lake  George  was  achieved  by 
Cacnl's  sp.  (1*284.1  mg/m^/yr) .  Polypedllum  sp.*  Hyalella  azteca.  Asellus  sp. 
and  Procladlus  sp.  also  contributed  a  substantial  portion  of  the  production  In 
the  littoral  zone. 

Annual  production  to  mean  seasonal  biomass  ratios  from  Lake  George  were 
also  generally  In  the  2-6  range.  As  at  Navigation  Course  5*  Sphaerlum  sp. 

P/B  ratios  were  much  less  than  one  at  both  sites  In  Lake  George  (Table  4) . 
Polypedllum  sp.  had  P/B  ratios  slightly  less  than  2  at  both  sites,  while 
Polycentropus  sp.  exhibited  ratios  greater  than  7. 


AQUATIC  MACROPHYTES 


Emergent  and  Submersed  Plants  In  Navigation 
Courses  5  and  7,  and  In  Lake  George 

General  qualitative  observations  regarding  aquatic  vegetation  of  the  St. 
Marys  River  came  out  of  studies  made  In  the  Neeblsh  Island  region  during  1979 
and  1980.  Macrophytes  appeared  to  be  dominated  by  relatively  few  species.  These 
occupied  very  large  tracts  (km^) ,  either  as  emergent  shoreline  stands  or  low- 
growing  submersed  plant  cover.  Sclrpus  acutus  (hard-stem  bulrush)  tended  to 
dominate  the  vegetation  In  outer  portions  of  emergent  stands.  Sclrpus  amerlcanus 
(3-square  bulrush)  and  Eleocharls  small 11  (spike  rush)  were  locally  abundant, 
but  confined  to  shallower  water  than  ^  acutus.  The  last  species  tended  to 
be  common  In  shoreward  portions  of  emergent  stands  as  well  as  at  the  outer 
fringe  of  vegetation.  Sparganlum  eurycarpum  (bur  reed)  and  Equlsetum  ^luvlatlle 
(horsetail)  were  locally  abundant  with  S^  acutus  In  shoreward  portions  of 
emergents  stands.  A  tight,  low-growing  (2-3  cm)  carpet  of  submersed  plants 
dominated  by  Ranunculus  rep tans  and  Juncus  pelocarpus  forma  submersus  was  inter¬ 
mingled  with  emergent  plants  where  sandy  sediments  occurred. 


The  most  conspicuous  submersed  plant  In  the  Neeblsh  Island  region  was 
Potamogeton  rlchardsonli .  The  plant  occurred  in  clusters  of  leafy  stems  that 
grew  upward  from  groups  of  rhizomes  to  within  decimeters  of  the  water's  surface. 
Howver,  clumps  of  these  plants  occupied  relatively  small  areas  (100  m^).  Much 
less  conspicuous,  but  of  far  greater  import^ulce  In  terms  of  area  occupied  and 
density,  were  Isoetes  rlparla  (quillwort)  and  the  charophytes,  Nltella  flexllis 
and  Chara  globularls .  They  grew  low  to  the  bottom  (3-25  cm)  in  depths 
greater  than  2  m,  and  were  not  easily  seen  from  the  surface. 


Studies  In  1981  were  designed  to  begin  to  quantify  aspects  of  aquatic 
vegetation  in  the  River,  and  to  test  the  validity  of  earlier  qualitative 
observations.  Baseline  data  were  gathered  at  locations  that  could  be  sampled 
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with  the  same  techniques  in  future  years  to  substantiate  stability  or  change  In 
the  system. 


Figure  21  presents  patterns  of  horizontal  distribution  of  high  biomass 
stands  of  aquatic  plants  along  transects  in  Lake  George,  Lake  Nlcolet,  and 
Course  7  of  the  Upbound  Neebish  Channel.  It  also  shows  ranges  of  depth 
occupied  by  the  important  types  of  vegetation.  Scirpus  acutus  dominated  shallow 
water  at  the  shore  of  the  study  site  on  Lake  George.  It  grew  to  a  depth  of  ca. 
1.5  B.  Scirpus  americanus  occupied  a  similar  position  on  the  transect  in  Lake 
Nlcolet;  it  occurred  to  water  depth  0.6  m.  Emergent  vegetation  was  absent  at 
Course  7.  The  most  obvious  environmental  difference  between  the  two  emergent- 
occupied  sites  and  the  shallows  of  Course  7  was  sediment  type.  A  mixture  of 
clay  and  sand  with  organic  detritus  was  found  in  bulrush  beds  at  Lake  George 
and  Lake  Nlcolet.  Rock  with  small  patches  of  sand  covered  the  bottom  of  the 
inshore  portion  of  the  transect  at  Course  7.  The  relationship  between  particle 
size  in  sediments  and  mean  current  velocity  over  sediments  is  well  known  from 
the  literature.  The  observed  difference  in  sediment  types  implies  a  difference 
in  exposure  of  sediments  at  these  sites  to  movements  of  water  over  them.  Small 
particles  have  not  accumulated  Inshore  at  Course  7  because  of  relatively  high 
velocity  of  movements  of  water  in  that  area.  Existing  sediments  also  were  not 
suitable  for  emergent  plant  habitation. 

A  broad  sand  bench  occurred  offshore  of  the  emergent  plant  bed  on  the 
transect  in  Lake  Nlcolet.  This  bench,  devoid  of  vegetation  as  shown  in 
Figure  2.\  extended  for  approximately  3800  m  along  the  east  shore  of  Lake 
Nlcolet,  from  below  Nine  Mile  Point  to  above  Shingle  Point.  The  occurrence  of 
a  similar  large  bench  in  Lake  Nlcolet  off  the  northwest  shore  of  Neebish  Island 
was  documented  in  aquatic  vegetation  studies  presented  by  Liston  et  al.  (1980). 
Since  vegetation  was  found  elsewhere  In  the  River  system  at  depths  of  these 
benches  (e.g.  Scirpus  acutus  in  Lake  George  and  Isoetes  riparia  along  Course  7 
as  shown  in  Figure  21),  its  absence  in  Lake  Nlcolet  was  taken  as  evidence  that 
the  environment  of  the  benches  was  hostile  for  plant  colonization.  Shifting  of 
sand  on  the  benches,  caused  by  exposure  to  down-slope  River  currents  or  waves, 
is  a  logical  explanation  for  this. 

Isoetes  riparia  was  the  dominant  inshore  submersed  plant  on  transects  in 
Lake  George  and  along  Navigation  Course  7  (Figure  21).  Beds  of  this  plant 
occupied  sandy-clay  sediments  in  the  depth  range  of  1  -  3.5  m.  Large  beds  of 
this  plant  (e.g.  1  km  uninterrupted  on  transect)  were  found  within  this  depth 
range  in  Lake  Nlcolet  north  of  Neebish  Island  during  1979  (Liston  et  al.  1980). 
While  the  plant  has  been  found  growing  to  depth  5  m,  the  depth  limit  for 
development  of  beds  in  the  Neebish  Island  region  was  confirmed  in  1980  at  3.5  m 
(Liston  et  al.  1981).  The  condition  of  I.  riparia  on  tran:  cts  in  Lake  George 
and  Course  7  was  typical  of  beds  of  this  dominant  plant  at  other  locations  in 
the  River. 

The  deepest  growing  plants  on  transects  in  Lake  Nlcolet  and  along  Upbound 
Course  7  were  charophytes  (Figure  21).  Nitella  flexilis  occurred  monotypically 
in  c> arophyte  beds  at  depths  greater  than  5  m  at  both  sites.  Species  of  Chara, 
particularly  Chara  globularls,  grew  mixed  with  ^  flexilis  ir  more  shallow 
portions  of  charophyte  beds.  Charophyte  beds  were  absent  on  the  transect  in 
Lake  George.  However,  the  plant  was  present  in  Lake  George;  occasional  shoots 
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were  taken  In  biomass  saiiq>le8  collected  on  the  transect  there.  As  shown  In 
Figure  21,  a  bed  of  Potamogeton  robblnsll  grew  in  deep  water  on  the  Lake  George 
transect.  The  plant  has  been  collected  previously  from  waters  of  the  Neeblsh 
Island  region  (Liston  et  al.  1980),  but  well  developed  beds  like  those  of  Lake 
George  have  not  been  observed  on  the  main-stem  of  the  Kiver  during  1979  -  1981. 
There  is  no  basis  from  these  studies  by  which  to  Judge  the  environmental 
significance,  if  any,  of  the  absence  of  well  developed  charophyte  beds  on  the 
Lake  George  transect,  or  the  presence  of  a  mature  stand  of  ^  robblnsll  there 
and  the  absence  of  such  in  waters  of  the  Neebish  Island  region. 

Biomass  was  determined  during  1981  in  the  beds  of  vegetation  shown  in 
Figure  21.  Samples  were  taken  on  four  occasions  during  the  ice-free  season. 
Results  of  this  work  are  given  in  Appendl:.:  Tables  B1  through  B9.  Data  are 
provided  there  on  secondary  as  well  as  dominant  species.  The  discussion 
below  is  directed  toward  dominant  plants. 

Figure  22  shows  curves  for  the  accumulation  of  biomass  in  live  above-soil 
shoots  of  Scirpus  acutus  in  Inshore  and  offshore  portions  of  its  bed  on  the 
transect  in  Lake  George.  Germination  of  shoots  from  rootstocks  began  earlier 
Inshore  than  offshore.  Maximum  biomass  was  reached  in  the  inshore  portion  of 
the  stand  in  late  July.  It  persisted  in  the  range  of  530  -  540  g  AFDW  m~^ 
from  then  through  the  last  measurement  in  early  September.  During  the  period 
of  maximum  biomass,  shoots  were  1.7  -  1.8  m  high  (above  the  hydrosoil),  and 
had  a  density  of  155  -  160  shoots  m~2.  Maximum  seasonal  biomass  was  present 
in  the  offshore  portion  of  the  bed  In  late  July.  Plants  offshore  attained  the 
same  mature  height  as  Inshore  plants.  However,  offshore  density  at  maximum 
biomass  was  one-half  of  that  measured  inshore;  75  -  80  shoots  m”^.  Maximum 
offshore  biomass  was  similarly  low:  240  -  260  g  AFDW  m~2  occurred  in  the  late 
July  to  September  interval. 

The  emergent  plant  bed  on  the  transect  in  Lake  Nlcolet  was  dominated  by 
the  bulrush,  Scirpus  amerlcanus.  In  1981,  shoots  of  this  plant  germinated  from 
rootstocks  during  the  last  part  of  May.  Figure  23  shows  seasonal  biomass  for 
shoots  in  the  Lake  Nlcolet  bed  of  this  species.  It  did  not  reach  its  maximum 
seasonal  biomass  on  this  site  until  September.  Biomass  of  amerlcanus  in 
the  Inshore  portion  of  the  stand  In  early  September  was  152  g  AFDW  m”^.  Density 
at  that  time  was  214  shoots  m~^;  mean  height  above  the  hydrosoil  was  0.8  m.  It 
should  be  noted  that  the  diversity  of  vegetation  in  the  shallow,  inshore  portion 
of  this  stand  was  high,  and  biomass  measured  in  early  September  for  secondary 
species  taken  together  was  higher  (185  g  AFDW  m“^)  than  for  S.  amerlcanus 
(Table  B5) .  The  offshore  portion  of  the  emergent  stand  on  the  Lake  Nlcolet 
transect  was  nearly  monotypic  ^  amerlcanus  (Table  B6) .  Maximum  seasonal 
biomass  of  shoots  observed  there  was  272  g  AFDW  m~^.  Plants  had  a  mean  height 
of  1.0  m,  and  a  density  of  305  shoots  ra~2  at  the  time  of  maximum  biomass. 

A  comparison  of  data  from  emergent  bulrush  beds  on  Lake  George  and  Lake 
Nlcolet  showed  differences  attributable  to  growth  habits  of  the  two  dominant 
species.  In  the  most  well  developed  portions  of  their  beds,  acutus  was 
1.5  times  taller  than  S.  amerlcanus  at  maturity  (1.5  vs.  1.0  m) ,  grew  one-half 
as  dense  (160  vs.  305  shoots  m“^y,  and  had  twice  the  biomass  (540  vs.  272  g 
AFDW  m“^) .  In  relative  terms.  Individuals  of  S.  acutus  were  large  and  widely 
spaced,  %dille  Individuals  of  S_^  amerlcanus  were  small  and  densely  packed. 
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larger  species  (S.  scutus)  grew  to  a  greater  depth  along  transects:  1.5  m 
as  compared  to  the  0.6  m  depth  reached  by  amerlcanus  (Figure  21). 

Aisounts  of  biomass  In  submersed  plant  beds  on  the  transects  are  shown  in 
Figures  24  and  25.  Data  are  given  in  these  Figures  for  Isoetes  riparia  and 
charophytess  additional  measurements  made  in  beds  of  these  plants  are  found  in 
Appendix  Tables  B3»  B7,  B8,  and  B9.  Biomass  in  the  bed  of  Potamogeton 
robbinsii  at  Lake  George  (Figure  21)  was  low  (less  than  18  g  AFDW  m*^  through¬ 
out  the  season  (Table  B4) .  Its  pattern  of  seasonal  change  in  biomass  was 
similar  to  that  for  ^  riparia  and  chatophytes.  Items  in  the  discussion  of 
these  high  biomass  submersed  plants  given  below  are  applicable  to  ^  robblnsll 
as  well. 

Temperature  and  light.  Important  regulators  of  plant  growth,  characteris¬ 
tically  increase  together  in  the  spring  in  the  temperate  zone.  In  response 
to  this,  impressive  increases  in  biomass  of  photosynthetic  tissue,  like  those 
shown  for  species  of  Scirpus  in  Figures  21  and  22,  cconmonly  occur.  This  is  true 
for  submersed  plants,  as  well  as  for  emergent  and  terrestrial  species.  However, 
the  Increase  in  biomass  is  most  obvious  in  those  plants  that  abscise  photo- 
synthetic  tissue  in  the  fall;  those  with  the  deciduous  habit. 

As  shown  in  Figures  24  and  25,  impressive  growing  season  Increases  in 
submersed  plant  biomass  did  not  occur  in  dominant  species  at  study  sites  in 
the  St.  Marys  system,  except  for  charophytes  on  the  Lake  Nlcolet  transect. 
Biomass  in  other  submersed  beds  tended  to  remain  constant  over  the  period  of 
sampling . 

Field  observations  suggest  to  us  that  the  tendency  toward  nearly  constant 
growing  season  biomass  occurred  in  beds  of  plants  where  dead  or  dying  tissue 
of  the  previous  growing  season  was  sluffed  at  a  rate  approximately  equal  to 
the  rate  of  replacement  of  biomass  by  new  growth.  We  postulate  that  submersed 
vegetation  produced  in  a  growing  season  remains  in  beds  beneath  the  ice  of  the 
St.  Marys  Mver  through  the  winter.  Ihe  photosynthetic  thalli  of  charophytes 
and  leaves  of  Isoetes  riparia  die  back  slowly  and  degenerate  poorly  at  low 
water  temperatures  in  winter.  The  amount  of  moribund  tissue  retained  in  a  bed 
over-winter  is  determined  by  the  degree  of  exposure  of  the  bed  to  water 
currents;  currents  with  adequate  energy  remove  dead  vegetation  from  beds  prior 
Co  the  next  growing  season  (e.g.  charophyte  bed  on  Lake  Nlcolet  transect). 
Because  of  water  temperatures  too  low  for  germination  of  new  shoots,  biomass 
in  the  river  in  the  spring  is  dominated  by  degenerating  tissue  of  the  previous 
year.  In  beds  protected  from  currents,  that  moribund  tissue  is  sluffed  during 
the  growing  season  as  new  biomass  accumulates. 

Water  over  submersed  plant  beds  in  the  river  warmed  slowly  in  the  spring 
of  1981.  It  reached  5°C  by  dates  in  May  shown  in  Figures  24  and  25.  It  warmed 
with  occasional  sporadic  episodes,  to  an  annual  maximum  by  the  latter  part  of 
August.  The  character  of  plant  tis'^jes  in  biomass  collections  changed  for 
both  charophytes  and  ^  riparia  in  this  interval.  Charophytes  in  June  were 
brownish-green,  slimy  to  the  touch,  and  tended  to  have  loosely  associated 
(non-att ached)  macroscopic  filamentous  algae  intermingled  in  the  beds.  In 
August  and  September,  charophytes  were  bright  green,  firm  and  crisp  to  the 
touch,  and  without  associated  macroscopic  algae.  We  propose  chat  the 
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nacroscoplc  filamentous  algae  develop*  In  the  relatively  nutrient-poor  reaches 
of  the  St.  Marya  system  studied,  on  the  nutrient  resources  available  from 
degenerating  plants  that  have  over-wintered  In  charophyte  beds. 

Imavea  of  Isoetes  rlparla  grew  from  a  compact  stem  to  form  rosettes  that 
were  scattered  over  sediments  to  form  nearly  monotyplc  stands  on  transects 
in  Lake  George  and  along  Course  7.  In  samples  collected  in  June  1981,  plants 
forming  biomass  given  in  Figure  24  were  large;  rosettes  stood  5  -  8  cm  above  the 
sedlaients  (Tables  B3  and  B8) .  These  plants  had  apparently  over-wintered. 
Handling  these  large  plants  during  the' study  suggested  that  this  species 
sluffed  old  leaves  from  rosettes,  replacing  them  over  time  with  new  growth. 
Additionally,  samples  from  Lake  George  after  July,  and  from  the  transect  on 
Course  7  after  August,  had  many  small  plants  (less  than  3  cm  height;  Tables  B3 
and  B8) .  In  the  last  one-half  of  the  period  of  sampling,  biomass  in  beds  of 
I.  riparia  were  made  up  of  older  plants  that  were  growing  new  leaves  and 
slufflng  old  leaves,  and  new  small  plants  that  were  holding  their  recently 
grown  leaves . 

Biomass  sampling  from  beds  over  intervals  of  time  in  the  growing  season 
tends  not  to  result  in  an  estimate  of  growth  for  charophytes  and  ^  riparia  in 
the  St.  Marys  River.  Results  of  studies  in  1981  (Figure  24)  show  annual  maximum 
biomass  of  ^  riparia  can  be  estimated  from  samples  taken  anytime  in  the  growing 
season;  in  addition  to  an  estimate  of  annual  maximum  biomass,  an  index  of 
recruitment  within  beds  can  be  obtained  by  sampling  in  August  -  September.  From 
the  discussion  above,  and  the  data  of  Figure  25,  annual  maximum  biomass  of 
charophytes  in  the  St.  Marys  River  would  be  best  estimated  by  samples  taken 
in  the  latter  part  of  August  or  in  September. 

General  procedure  for  submersed  biomass  sampling  in  this  study  was  to 
identify  limits  of  distinct  vegetation  types  (e.g.  charophytes,  quillworts, 
potamogetons) ,  and  to  collect  samples  from  within  these  limits .  In  such  an 
approach,  visual  inspection  of  the  vegetation  and  hand  collection  of  samples 
was  the  preferred  method  for  determining  biomass.  During  segments  of  the  study, 
however,  low  temperature  and/or  high  current  velocity  made  hand-harvesting 
unsafe  and  susceptible  to  increased  error  of  measurement.  A  PONAR  dredge  was 
then  used.  This  dredge  was  not  a  suitable  device  for  sampling  tall  ve-'etatlon 
where  upper  plant  parts  were  excluded  during  vertical  passage  through  u.ie 
vegetation.  Because  of  the  low  growth  habitat  of  dominant  plants  in  the  St. 
Marys  River  (2  -  20  cm),  they  could  be  captured  by  the  dredge  without  serious 
loss.  However,  the  action  of  the  Jaws  of  this  dredge  was  not  the  same  across 
the  area  of  sediments  the  dredge  enclosed.  In  particular,  the  bite  of  the 
dredge  was  more  shallow  along  edges  of  the  quadrat  into  which  the  Jaws  initially 
moved  than  in  the  center  of  the  quadrat.  This  edge  effect  was  avoided  in  the 
hand-harvesting  technique. 

Hand  and  PONAR  Plant  Sampling  Comparisons 

During  1981,  a  study  was  conducted  to  compare  results  of  the  two  sampling 
procedures.  Beds  of  charophytes  and  Isoetes  riparia  were  chosen  in  an  area  of 
low  to  moderate  current  east  of  Course  7,  Upbound  Neeblsh  Channel.  Data  from 
this  work  are  given  in  Tables  5  and  6.  Means  of  biomass  from  hand-collected 
samples  were  higher  than  means  from  dredge-collected  samples  for  both 
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Table  5 .  Statistical  comparison  of  hand-collected  and  dredge-collected  ash-free  biomass  from 


Table  6 •  Statistical  comparison  of  hand— collected  and  dredge— collected  ash-free  biomass  from 
charophyte  dominated  plant  bed  along  Course  7  of  the  Upbound  Neebish  Channel  of  the 
St.  Marys  River;  July  23,  1981. 


charophyte  and  I.  rlparla  beds.  Students'  t-test  (Gill  1978)  was  applicable 
to  these  data.  The  hypothesis  that  means  resulting  from  the  two  procedures 
were  equal  could  be  rejected  with  at  least  90%  confidence  for  the  ^  rlparla 
bed,  and  with  80%  confidence  for  the  bed  of  charophytes.  The  larger  difference 
between  hand  and  dredge  collections  in  the  qulllwort  bed  than  in  the  charophyte 
bed  was  explained  by  the  action  of  the  dredge  on  the  dominant  plant  types. 
Underwater  observation  of  the  dredge  as  it  closed  on  samples  suggested  that 
It  did  not  sample  the  relatively  high  biomass  In  rootstocks  of  rlparla  as 
completely  as  the  hand-sampling  procedure.  Rootstocks  were  left  In  the  sediments 
near  edges  of  the  dredge  over  which  jat^s  moved  while  closing.  Loss  of  biomass 
by  this  action  was  expected  higher  In  Isoetes  than  In  charophyte  stands; 
rhlzoldal  biomass  In  charophytes  was  a  lower  percentage  of  total  biomass  than 
was  the  rootstock  biomass  of  rlparla.  Both  hand-harvesting  and  dredge 
sampling  were  adequate  for  making  collections  without  loss  of  collected  material 
In  the  process.  The  difference  In  results  was  taken  as  due  to  the  fact  that 
the  effective  sampling  area  of  the  dredge  was  somewhat  smaller  than  the  area  of 
the  device  with  the  jaws  open  (effective  area  smaller,  than  0.052  m^) . 

Biomass  estimates  obtained  by  dredging  were  converted  In  all  portions  of 
this  study  to  hand-sampling  equivalents  to  provide  a  consistent  base  for 
comparison  of  results.  Dredge-obtained  biomass  was  multiplied  by  proportions 
of  mean  hand  blomass/mean  dredge  biomass  taken  from  data  In  Tables  5  and  6. 

This  proportion  for  I .  rlparla  beds  was  1.150;  for  charophyte  beds  it  was  1.161. 

Annual  Variation  In  Standing  Crops  of  Submersed  Plants 

In  1979,  beds  of  submersed  vegetation  were  described  for  locations  along 
the  edge  of  the  Upbound  Neeblsh  Navigation  Channel  (Liston  et  al.  1980).  Data 
were  obtained  In  1981  on  between-year  variation  in  bed  locations,  species 
composition,  and  biomass.  Table  BIO  contains  the  Information  gathered  in  1981. 

A  comparison  of  data  in  Table  BIO  with  that  of  1979  showed  that  plant 
beds  were  found  in  the  same  locations  in  both  years.  No  shifts  In  dominant 
species  occurred  between  years;  the  charophytes,  Nltella  flexllls  and  Char a 
globularls,  were  dominant  in  both  years.  Elodea  canadensis,  and  the  charophyte, 
Tolypella  Intricate,  were  found  sporadically  in  samples  in  each  year.  Regarding 
the  latter,  examination  of  material  collected  in  1981,  and  review  of  voucher 
specimens  from  1979,  suggested  that  this  plant  (T.  Intricate)  was  a  species  of 
Chara. 

Biomass  data  for  the  transects  used  in  the  1979  -  1981  comparative  study 
are  summarized  in  Table  7.  The  distribution  of  samples  taken  each  year  within 
depth  contours  Is  shown  In  the  Table.  The  manner  In  which  samples  from  each 
navigation  course  are  clustered  within  contours  tends  to  be  a  function  of  the 
shape  of  the  bottom  of  the  river  beneath  surface  transects  along  which  sampling 
points  were  evenly  distributed.  For  example,  the  portion  of  Lake  Munuscong 
adjacent  to  the  ch*mnel-edge  of  Course  9  was  deep  with  an  abrupt  rise  on  the 
transects  between  5  m  and  7  m;  samples  tended  to  be  clustered  in  the  7  m  and 
3  -  5  m  intervals  at  that  location.  Such  clustering  patterns  of  samples  are 
evident  in  the  data  of  Table  5  for  other  courses  used  In  this  study  as  well. 
There  appears  to  be  a  trend  in  mean  bed  biomass  of  each  course  toward  an 
Increase  in  1981  over  1979.  However,  from  the  characteristic  variance  in 
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samples  from  charophyte  beds  along  the  edge  of  this  channel,  such  a  conclusion 
is  unwarranted.  Channel-edge  beds  of  vegetation  appeared  to  be  stable  in  terms 
of  location,  species  composition,  and  biomass  between  years  of  these  measure¬ 
ments. 
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Middle  Neebish  and  Lake  George  Channels,  1981 

A  total  of  3133  fish  larvae  were  collected  in  118  samples  from  Stations 
5,  7  and  9  and  Lake  George  from  9  April  through  28  September  1981  (Table  8). 
Larvae  of  16  taxa  were  collected,  with  rainbow  smelt  larvae  being  the  most 
abundant  (70%  of  the  total  catch;.  In  general,  densities  of  larvae  were 
greatest  in  channel  collections  in  late  May  and  early  June  (see  Appendix 
Tables  Cl  to  C61) . 

Larvae  of  nine  taxa  (alewife,  rainbow  smelt,  Cyprinidae,  burbot,  trout- 
perch,  yellow  perch,  logperch,  and  Cottus  sp.)  were  collected  in  the  channel 
at  all  stations.  Cisco  and  nlnespine  stickleback  larvae  were  collected  at  all 
stations  except  7,  and  johnny  darter  larvae  were  collected  at  all  stations 
except  5.  Lake  whiteflsh  and  sucker  larvae  were  collected  in  the  channel  only 
at  Station  9.  Fourhom  sculpln  larvae  were  collected  at  Stations  5  and  9, 
and  Lepomis  sp.  larvae  at  Station  5  and  in  Lake  GAorge.  Carp  larvae  were 
collected  offshore  only  in  Lake  George.  The  greatest  number  of  taxa  (14)  and 
larvae  (1273)  were  collected  at  Station  9.  The  fewest  number  of  taxa  were 
collected  at  Station  7  (9)  and  fewest  number  of  larvae  (318)  were  collected  at 
Station  5  (Tables  9  -  12) . 


Burbot  larvae  dominated  the  early  spring  collections  in  the  Middle  Neebish 
Channel,  while  rainbow  smelt  dominated  the  late  spring  collections  at  all 
stations.  Percid  larvae  (yellow  perch,  logperch,  johnny  darter),  Lepomis  sp. 
and  suckers  were  dominant  in  early  summer,  followed  by  cyprlnld  and  sculpln 
(Cottus  sp.)  larvae  (Appendix  D,  Tables  D1  -  D12) . 

Maximum  surface  water  temperatures  in  the  channel  occurred  in  Lake  George, 
reaching  a  maximum  of  20.5°C  on  24  August.  Temperatures  were  lowest  at  Station 
9  where  the  highest  temperature  reached  was  18°C  on  4  August  and  24  August 
(Figures  26  to  29) . 


Edge  of  Macrophytes,  1981  (0.5  m  net) 


A  total  of  3897  fish  larvae  were  collected  in  121  samples  along  the  edge 
of  macrophyte  beds  in  1981.  Larvae  of  17  taxa  were  collected  (Table  8),  with 
rainbow  smelt  representing  69.2%  of  the  total  catch.  In  general  larvae  were 
abundant  near  the  edge  of  macrophyte  beds  throughout  the  field  season,  with  a 
taxonomic  succession  of  larvae  being  abundant  in  the  collections.  Chronolog¬ 
ically,  burbot,  rainbow  smelt,  percids,  catostomids,  and  cyprinid  larvae  were 
abundant  at  this  depth  (0.5  -  1.0  m)  (Tables  D1  -  D12) . 


The  greatest  number  of  taxa  (14)  were  collected  at  Station  7  (Table  10) 
and  the  greatest  number  of  larvae  (2454)  were  collected  at  Station  9  (Table 
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Table  8.  Total  number  of  fish  larvae,  by  gear  type,  collected  In  the  St.  Marys  River  during  9  April 
through  28  September  1981. 
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TOTAL  1,569  3.897  3,133  8,599 


Table  9.  Total  nmnber  of  fish  larvae  collected  In  pull  net  (PN)»  0.5 

and  1.0  m  net  collections  at  Station  St.  Marys  River,  9  April 
through  28  September,  1981. 


Gear 

Mo. .Collections 

3 

Volume  filtered  (m  ) 

PN 

46 

137.0 

0.5  m  N 

38  1 

2084.4  1 

1.0  m  N 

36 

4550.5 

Taxon 

% 

Number 

Total 
Catch  . 

Number 

%  Total 
Catch  1 

Number 

%  Total 
Catch 

Cisco 

8 

2 

6 

1 

1  1 

4 

1 

Lake  whitefish 

41 

12 

4 

<1  1 

0 

0 

Alevlfe 

0 

0 

0 

0  1 

1 

<1 

Rainbow  smelt 

7 

2  1 

111 

23  1 

270 

85 

Central  mudmlnnow 

0 

1 

0  I 

1 

<1  1 

0 

0 

Carp 

53 

16  ' 

107 

22 

► 

0 

0 

Cyprlnldae 

14 

4 

97 

20 

1 

<1 

White  sucker 

7 

2 

0 

0 

0 

0 

Catostomldae 

2 

<1 

0 

0 

.  C 

0 

Burbot 

0 

0 

17 

3 

30 

9 

Trout-perch 

2 

<1 

4 

<1 

1 

<1 

Nlnespine  stickleback 

0 

0 

0 

0 

1 

<1 

Rock  bass 

0 

0 

0 

0 

0 

0 

Lepomls  sp. 

76 

22 

17 

3 

1 

<1 

Johnny  darter 

2 

<1 

8 

2 

0 

0 

Yellow  perch 

98 

29 

91 

19 

3 

<1 

Logperch 

29 

9 

28 

6 

2 

<1 

CotCus  sp. 

0 

0 

0 

0 

2 

<1 

Fourhom  sculpin 

0 

0 

0 

0 

2 

<1 

TOTAL 


339 


491 


318 


Table  10.  Total  number  of  fish  larvae  collected  in  pull  net  (PN),  0.5  m  net, 
and  1.0  m  net  collections  at  Station  7,  St.  Harys  River^  9  April 
through  28  September,  1981. 


Gear 

No.-  Collections 

3 

Volume  filtered  (m  ) 

Hi 

0.5  m 

28 

1557. 

;  N 

2 

1.0  1 

28 

3341 

in  N 

.7 

Taxon 

%  Total 

Number  Catch 

% 

Number 

Total 

Catch 

i 

Number 

Total 

Catch 

Cisco 

2 

<1 

16 

3 

0 

0 

Lake  white fish 

2 

<1 

1 

<1 

0 

0 

Alewife 

0 

0 

2 

<1 

2 

<1 

Rainbow  smelt 

3 

1 

340 

69 

699 

90 

Central  mudmlnnow 

0 

0 

1 

<1 

0 

0 

Carp 

0 

0 

0 

0 

0 

0 

Cyprlnldae 

82 

29 

9 

2 

2 

<1 

White  sucker 

0 

0 

0 

0 

0 

0 

Catostomldae 

15 

5 

1 

<1 

0 

0 

Burbot 

1 

<1 

70 

14 

52 

7 

Trout-perch 

1 

<1 

2 

<1 

2 

<1 

Nlnesplne  stickleback 

0 

0 

3 

<1  I 

0 

0 

Rock  bass 

0 

0 

0 

0 

0 

0 

Lepomls  sp. 

161 

56 

I 

8 

2 

0 

0 

Johnny  darter 

3 

1 

6 

1 

1 

<1 

Yellow  perch 

5 

2  1 

18 

4  ' 

1 

4 

<1 

Logperch 

9 

3 

4 

<1 

10 

1 

Cottus  sp. 

1 

<1  i 

12 

2 

1 

<1 

Fourhom  sculpin 

0 

0 

0 

0 

0 

0 

TOTAL 

285 

493 

773 

66 


Table  11.  Total  number  of  fish  larvae  collected  in  pull  net  (PN),  0.5  m, 

and  1.0  n  net  collections  at  Station  9,  St.  Marys  River,  9  April 
through  28  September,  1981. 


Gear 

PN  1 

0.5  m 

N  1 

1.0 

m  N 

No.  Collections 

31  ' 

27 

1 

28 

3 

Volume  filtered  (m  ) 

104.2 

1569. 

1_  .  1 

3309 

.9 

Taxon 

%  Total  ' 
Number  Catch  | 

% 

Number 

Total 

Catch 

Number 

%  Total 
Catch 

Cisco 

6 

2 

29 

1 

2 

<1 

Lake  white fish 

2 

<1 

7 

<1 

1 

<1 

Alewife 

0 

0 

2 

<1 

7 

<1 

Rainbow  smelt 

11 

3 

2123 

87 

646 

51 

Central  mudmlnnow 

0 

0 

0 

0 

0 

0 

Carp 

1 

<1 

1 

<1 

> 

0 

0 

Cyprinidae 

15 

4 

14 

<1 

4 

<1 

White  sucker 

0 

0 

0 

0 

0 

0 

Catostomldae 

157 

39 

55 

2 

354 

28 

Burbot 

3 

<1 

93 

4 

149 

12 

Trout-perch 

0 

0 

2 

<1 

10 

<1 

Nlnesplne  stickleback 

0 

0 

0 

0 

2 

<1 

Rock  bass 

0 

0 

0 

0 

0 

0 

Lepomls  sp. 

91 

23 

2 

<1 

0 

0 

Johnny  darter 

36 

9 

15 

<1 

15 

1 

Yellow  perch 

14 

4 

19 

<1 

2 

<1 

Logperch 

62 

16 

84 

3 

28 

2 

Cottus  sp. 

0 

0 

6 

<1 

50 

4 

Fourhom  sculpin 

0 

0 

0 

0 

3 

<1 

TOTAL 

398 

2454 

; 

1273 

67 


Table  12.  Total  nuiid>er  of  fish  larvae  collected  in  pull  net  (PN),  0.5  m, 
and  1.0  m  net  collections  in  Lake  George,  St.  Marys  River, 

9  April  through  28  September,  1981. 


G^ar 

No.-  Collections 

Volume  filtered  (m^) 

■ 

0.5  m 

28 

1475. 

N 

1 

1.0  m 

26 

3012. 

N 

7 

Taxon 

Z  Total  ; 
Number  Catch 

Z 

Number 

Total 

Catch 

% 

Number 

Total 

Catch 

Cisco 

0 

0 

0 

0 

3 

<1 

Lake  whltefish 

0 

0 

0 

0 

0 

0 

Alewife 

0 

0 

7 

2 

76 

10 

Rainbow  smelt 

0 

0 

122 

27 

575 

75 

Central  mudmlnnow 

0 

0 

0 

0 

0 

0 

Carp 

0 

0 

14 

3 

33 

4 

Cyprinidae 

396 

72 

230 

50 

17 

2 

Vfhlte  sucker 

4 

<1 

0 

0 

0 

0 

Catostomidae 

9 

2 

0 

0 

0 

0 

Burbot 

0 

0 

5 

1 

19 

2 

Trout-perch 

0 

0 

0 

0 

4 

<1 

Nlnesplne  stickleback 

0 

0 

0 

0 

9 

1 

Rock  bass 

1 

<1 

4 

<1 

0 

0 

Lepomls  sp. 

34 

2 

<1 

2 

<1 

Johnny  darter 

3 

<1 

16 

3 

17 

2 

Yellow  perch 

43 

8 

18 

4 

3 

<1 

Logperch 

57 

10 

40 

9 

7 

<1 

Cottus  sp. 

0 

0  1 

0 

0 

4 

<1 

Fourhorn  sculpln 

0 

“  i 

6 

0 

0 

0 

TOTAL 

547 

j 

458 

_ 

769 

68 


Week 


Figure  26.  Water  tenperature  at  larval  fish  sampling  sites  of  station 
5,  St.  Mary’s  River,  1981. 
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Figure  27.  Vater  temperatures  at  larval  fish  sampling  sites  of  station 
7,  St.  Mary’s  River,  1981. 
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Figure  29.  Water  temperature  at  larval  fish  sampling  sites  of  Lake 
George,  St.  Mary's  River,  1981.. 


Ralnbov  smelt,  cyprlnid,  burbot,  johnny  darter,  yellow  perch,  logperch,  and 
Lepomla  sp.  larvae  were  collected  at  all  stations.  Cisco,  lake  whlteflsh  and 
trout-perch  were  collected  in  littoral  zones  of  Stations  5,  7  and  9,  but  these 
species  were  absent  from  the  littoral  zone  of  Lake  George.  Alewlfe  larvae  were 
collected  at  all  stations  except  5,  and  carp  were  collected  at  all  stations 
except  7.  Sucker  and  sculpln  (Cottus  sp.)  larvae  were  collected  at  Stations  7 
and  9.  Nlnesplne  stickleback  larvae  were  collected  only  at  Station  7,  and  rock 
bass  were  collected  only  in  Lake  George  (Tables  9  -  12) . 

Density  of  larvae  was  greatest  In' 0.5  m  net  collections  at  all  stations  In 
early  June.  The  highest  density  of  larvae  (1559/100  m^)  occurred  in  Station  9 
collections  on  June  9,  with  rainbow  smelt  comprising  99%  of  the  catch  on  this 
date  (Table  Dl) .  In  July,  percld  larvae  (johnny  darter,  logperch),  Lepomls  sp., 
carp,  and  other  cyprlnlds  were  abundant. 

Maximum  night  surface  water  temperature  (22°C)  occurred  at  this  depth  in 
Lake  George  in  mid-August  (Figure  29K  Maximum  temperatures  of  19  C  occurred  in 
the  littoral  zones  of  Stations  5,  7  and  9  at  the  same  time  (Figures  26,  27,  and 
28). 

Shallow  Littoral  Zone,  1981  (Pull  Net) 

A  total  of  1569  fish  larvae  were  collected  in  139  pull  net  collections  at 
sites  within  emergent  and  submerged  vegetation  in  1981.  Larvae  of  15  taxa 
were  collected,  with  the  greatest  number  of  taxa  (11)  being  collected  at 
Stations  5  and  7.  The  greatest  abundance  of  larvae  was  collected  in  Lake 
George  where  larvae  of  8  taxa  were  represented  (Tables  8  -  12) .  Larvae  were 
abundant  in  pull  net  collections  in  June,  July  and  early  August  (Tables  Dl  - 
D12),  with  maximum  density  (4487/100  m^)  in  night  collections  at  Station  9  on 
7  July  1981.  Sucker  larvae  accounted  for  79%  of  the  total  catch  on  this  date. 

High  density  of  carp  larvae  (2413/100  m^)  was  also  collected  at  Station  5  on 

this  date.  Maximum  density  of  cyprinid  larvae  (4314/100  m^)  occurred  in  Lake 
George  in  the  4  August  collections. 

Larvae  of  six  taxa  (cyprinids,  suckers,  johnny  darter,  yellow  perch, 
logperch  and  Lepomis  sp.)  were  collected  at  all  stations.  Cisco,  lake  whlteflsh 
and  rainbow  smelt  were  collected  in  the  littoral  zones  of  Stations  5,  7  and  9, 
while  rock  bass  larvae  were  collected  only  in  Lake  George.  Carp  were  collected 

at  Stations  5  and  9,  burbot  were  collected  at  Stations  7  and  9,  and  trout- 

perch  at  Stations  5  and  7.  Sculpln  (Cottus  sp.)  larvae  were  collected  in  pull 
nets  only  at  Station  7  (Tables  Dl  -  D12) . 

Maximum  night  surface  water  temperatures  of  23°C  were  recorded  in  August 
in  the  shallow  littoral  of  Lake  George.  In  the  shallow  littoral  zone  of  the 
Middle  Neebish  Channel,  maximum  night  surface  temperatures  of  21,  22,  and  20  C 
were  reached  at  Stations  5,  7  and  9,  respectively  (Figures  26  through  29). 

Coregonid  Larvae.  Spatial  and  Temporal  Occurrence,  1981 

In  1981,  as  in  1980,  an  effort  was  made  in  April  and  May  following  ice- 
out,  to  collect  coregonid  (cisco  and  lake  whlteflsh)  larvae  in  accessible 
shallow  littoral  areas  using  a  pull  net,  and  the  0.5  m  and  1.0  m  push  nets 
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(Liston  et  al.  1980).  A  total  of  74  cisco  and  58  lake  whlteflsh  larvae  were 
collected  In  day  and  night  collections  in  April  and  in  night  collections  in 
May.  During  these  2  months,  a  total  of  75  pull  net,  fifty-eight  0.5  m  net  and 
forty-eight  1.0  m  net  samples  were  collected. 

The  majority  of  the  lake  whlteflsh  larvae  (71%)  were  collected  in  the 
shallow  littoral  zone  at  Station  5  (Table  D12),  while  cisco  larvae  were  abundant 
in  the  shallow  littoral  zones  at  Stations  5  and  9  (Table  Dll).  Few  coregonid 
larvae  were  collected  in  Lake  George  with  any  gear  type.  Peak  density  of  cisco 
larvae  occurred  in  night  pull  net  collections  at  Station  5  on  20  April 
(50/100  m^) .  Maximum  density  of  lake  whlteflsh  larvae  (238/100  m^)  also 
occurred  at  this  station  on  this  date. 

In  addition  to  April  and  May,  cisco  larvae  were  collected  in  a  0.5  m  net 
at  Station  9  on  9  June,  a  1.0  m  net  at  Station  5  on  23  June,  and  in  a  1.0  m  net 
in  Lake  George  on  7  July. 

Other  Taxa,  Spatial  and  Temporal  Occurrence.  1981 

Of  the  twenty  taxa  collected  in  1981,  seven  taxa  (alewife,  rainbow  smelt, 
carp,  cyprinlds,  suckers,  burbot,  and  johnny  darter)  accounted  individually  for 
1%  or  greater  of  the  total  larval  catch  (Table  8).  For  most  of  these  species, 
as  well  as  for  logperch,  unidentified  percids,  and  yellow  perch,  abundance 
(density)  of  larvae  was  highest  in  collections  from  shallow  littoral  stations  in 
emergent  and  submersed  vegetation  (Tables  D1  to  D12) .  The  most  abundant  or  most 
frequently  encountered  taxa  are  discussed  below. 

Burbot  larvae  were  present  in  collections  from  9  April  through  23  June, 
with  peak  density  (26/100  m^)  in  1.0  m  net  collections  at  Station  9  on  4  May. 
Larvae  were  taken  infrequently  in  pull  net  collections  and  only  at  Stations  7 
and  9  (Table  D4) . 

Rainbow  smelt  larvae  were  taken  from  14  May  through  24  August,  however, 
densities  peaked  in  the  9  June  collections  at  all  stations  (Table  Dl).  Larvae 
were  most  abundant  in  the  shallow  areas  in  0.5  m  net  collections  at  Station  9. 

Cyprinid  larvae  were  collected  from  9  June  through  24  August,  with’ 
abundance  being  consistently  highest  in  Lake  George,  particularly  in  pull  net 
collections  (Table  D3) .  Water  temperatures  in  the  shallow  littoral  area  in 
Lake  George  were  consistently  higher  than  in  the  shallow  littoral  areas 
inshore  from  the  Middle  Neebish  Channel  (Figures  26  to  29)  and  may  help  to 
explain  the  greater  abundance  of  cyprinids. 

Sucker  larvae  were  collected  on  7  and  20  July,  primarily  in  pull  net 
collections  (Table  D3) .  Sucker  larvae  were  most  abundant  (3564/100  m^)  in 
the  shallow  littoral  zone  collections  at  Station  9  on  7  July.  Sucker  larvae 
were  also  collected  in  channel  collections  at  this  station  on  this  date. 


Johnny  darter  larvae  were  collected  from  23  June  through  4  August,  and 
were  most  abundant  in  20  July  pull  net  collections  at  Station  9  (702/100  m^) 
(Table  D8) . 


Yellow  perch  larvae  were  collected  from  21  May  through  4  August,  and  were 
most  abundant  in  pull  net  collections  at  all  stations  (Table  D7) .  Peak 
density  (1448/100  m^)  occurred  in  pull  net  collections  at  Station  5  on  9  June. 
Few  yellow  perch  larvae  were  present  in  channel  collections  at  any  station. 


Logperch  larvae  were  present  in  collections  from  9  June  through  24  August, 
with  peak  densities  (744  and  1/100  m^)  in  pull  net  collections  at  Station  9 
and  Lake  George,  respectively.  Few  logperch  larvae  were  collected  offshore  in 
channel  collections  (Table  D6) . 


Lepomis ' sp .  larvae  were  abundant  in  pull  net  collections  at  all  stations 
from  23  June  through  24  August.  Overall,  abundance  at  Station  7  was  the 
greatest,  with  a  peak  density  (911/100  m^)  occurring  in  the  4  August  pull  net 
collections  (Table  D5) . 


Carp  larvae  were  collected  from  23  June  through  4  August,  at  all  stations 
except  Station  7.  Peak  abundance  of  carp  larvae  occurred  at  Station  5  in  the 
7  July  pull  net  collections  (1109/100  m^)  (Table  D9) . 

Alewife  larvae  were  collected  from  20  July  through  24  August  and  again  on 
28  September.  Density  was  greatest  in  the  21  July  channel  collections  in  Lake 
George  (26/100  m^)  (Table  DIO} 

Other  taxa,  such  as  central  mudminnow,  white  sucker,  ninespine  stickleback, 
rock  bass,  scul pin  larvae  (Cottus  sp.)  and  fourhom  sculpin  were  either  taken 
infrequently,  in  small  numbers  or  only  on  one  occasion,  owing  to  short  periods 
of  vulnerability  to  capture  or,  more  likely,  their  occurrence  in  habitats  not 
sampled  by  the  collecting  gear. 

Comparison  of  1979,  1980,  and  1981  Collections 

1.0  m  Net  Collections.  Fish  larvae  of  23  taxa  were  collected  in  the  St. 
Marys  River  in  1979,  1980  and  1981  (Table  13).  Modifications  in  both  sampling 
stations  and  gear  over  the  three  years  complicates  strict  comparisons  among 
years,  as  does  the  rather  abbreviated  field  season  in  1980.  In  general,  species 
composition  varied  little  from  year  to  year.  However,  greater  numbers  of  larvae 
were  collected  as  the  study  progressed,  as  sampling  included  more  shallow 
littoral  areas  suspected  of  harboring  concentrations  of  larvae.  Densities  of 
larvae  are  considerably  higher  in  the  inshore  areas  compared  to  offshore 
channel  sites. 


Aside  from  possible  annual  variation  in  larval  abundance,  several  other 
factors  may  influence  the  numbers  of  larvae  collected  and  confound  interpreta¬ 
tion  of  data  from  year  to  year.  These  include  actual  time  of  collection  of 
sample,  habitat  characteristics  (vegetation,  substrate,  current  patterns,  etc.) 
particular  to  an  individual  station,  water  temperature,  frequency  of  sampling, 
and  behavior  of  larvae. 


In  1979  and  1981,  collections  were  made  from  April  through  September  in 
the  navigation  channels  at  Stations  5,  7  and  9  and  are  suitable  for  comparison 
(Table  14).  At  all  stations  in  both  years  rainbow  smelt  larvae  were  the  most 
abundant  taxa  collected.  Burbot  larvae  were  also  taken  in  relatively  large 
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Table  13.  Occurrence  of  fish  larvae  in  pull  net,  0.5  m,  and  1.0  m  net 
collections  in  1979,  1980,  1981. 


Year 

Gear 

1981  I 

1980  1 

1979 

PN 

0.5  m  N 

1.0  m  N 

PN 

0.5  m  N 

1.0  m  N  * 

1.0  m  N 

. 

. 

Taxon 

1 

1 

Lampetra  sp. 

1 

X 

Cisco 

X 

X 

X  j 

X 

1 

X 

Lake  whltefish 

X 

X 

X 

X 

Alewife 

X 

X 

.  X 

X 

X 

Rainbow  smelt 

X 

X 

X 

X 

X 

X 

Central  mudminnow 

X 

Carp 

X 

X 

X 

X 

Cyprinidae 

X 

X 

X 

X 

1  "" 

White  sucker 

X 

X 

1 

1 

Moxostoma  sp. 

X 

1 

Catostomldae 

X 

X 

X 

i  ^ 

Burbot 

X 

X 

X 

X 

Trout-perch 

X 

X 

X 

X 

X 

X 

Nlnesplne  stickleback 

X 

X 

X 

X 

Rock  bass 

X 

X 

Lepomls  sp. 

X 

X 

X 

X 

X 

X 

Johnny  darter 

X 

X 

X 

X 

1  X 

Yellow  perch 

X 

X 

X 

X 

X 

Logperch 

X 

X 

X 

X 

X 

1  ^ 

Walleye 

X 

Cottus  sp. 

X 

X 

X 

X 

X 

1  X 

Fourhorn  sculpln 

X 

X 

Unidentifiable 

X 
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Table  14.  Coaparlaon  of  nuaber  of  flab  larvae  collected  in  1.0  ■  net  aamplea  In  the  navigation  channela  at  Stationa  S,  7  and  9  during  April  through 
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TOTAL  353  318  |  352  773  I  214  1,273  |  919  2,363 


numbers  at  all  stations  in  both  years.  The  major  differences  in  species 
abundance  were  the  few  numbers  of  alewlfe  larvae  collected  In  1981  compared  to 
1979»  and  the  large  number  of  catostomid  larvae  from  1981  samples  compared  to 
1979.  Alewlfe  were  the  second  most  abundant  taxa  in  1979,  but  accounted  for 
IZ  or  less  of  the  catch  In  1981.  Catostomid  larvae  comprised  15%  of  all  larvae 
in  1981  compared  to  about  1%  in  1979.  A  possible  explanation  is  that  the 
sampling  regime  in  1981  was  interrupted  by  mechanical  boat  problems  allowing 
more  time  between  samples  in  July  and  August  (i.e.  three  weeks  instead  of  two). 
The  importance  of  timing  of  sampling  is.  evident  when  one  examines  data  from 
individual  collections.  Often  the  majority  of  the  specimens  of  a  taxa  are 
collected  on  one  or  possibly  two  sampling  dates.  On-going  1982  sampling  and 
proposed  1983  collections  will  provide  more  opportunity  to  examine  annual  changes 
in  percent  composition  and  densities,  with  relationships  to  water  temperature 
and  other  environmental  parameters  examined. 

Samples  were  collected  in  the  navigation  channel  in  all  three  years  at 
Stations  7  and  9  during  July  through  September  (Tables  15  and  16) .  At  Station  7 
in  all  three  years,  rainbow  smelt  larvae  dominated  the  collections  during  this 
period,  ranging  from  59%  to  73%  of  the  total  catch  in  1981  and  1980,  respectively. 
Perch  larvae  (yellow  perch,  logperch,  johnny  darter)  and  Lepomls  sp.  were 
abundant.  Alewlfe  comprised  2  -  4%  of  the  total  catch  during  this  sampling 
period  in  all  three  years.  Differences  at  Station  9  in  abundance  of  larvae  were 
evident  (Table  16) .  In  1979  and  1980,  rainbow  smelt  were  abundant  (54  and  21% 
of  the  total  catch,  respectively),  while  in  1981,  sucker  larvae  comprised  75% 
of  the  catch.  In  addition  alewlfe  larvae  accounted  for  18%  of  the  catch  in 
1979,  and  37%  of  the  catch  in  1980,  but  only  1%  in  1981.  Sculpin  larvae  were 
most  numerous  in  1981,  followed  by  1979,  but  were  absent  in  the  1980  offshore 
collections. 

0.5  m  Net  Collections.  Comparison  of  species  composition  and  relative 
abundance  of  fish  larvae  in  0.5  m  net  collections  along  the  edge  of  macrophyte 
beds  at  Stations  7  and  9  is  possible  among  the  July  through  September  portion 
of  the  1980  and  1981  field  seasons  (Tables  15  and  16) . 

At  Station  7,  rainbow  smelt  and  alewlfe  larvae  were  taken  in  greater 
numbers  in  1980  than  in  1981.  Cyprinid  larvae  were  abundant  (8  -  14%  of  the 
total  catch)  in  both  years.  Yellow  perch  larvae  were  collected  only  in  1981. 
Sculpin  (Cottus  sp.)  larvae  were  abundant  (16  -  18%  of  the  total  catch)  in  both 
years  at  this  depth  (Table  15) . 

Similarly,  in  0.5  m  net  collections  at  Station  9,  alewife  larvae  were 
abundant  (18%)  in  1980,  but  few  were  taken  (<1%  of  total  catch)  in  1981. 

Rainbow  smelt  were  similar  in  relative  abundance,  but  densities  were  about 
three  times  greater  in  1980  compared  to  1981.  Similarly,  cyprinid  larvae 
comprised  nearly  the  same  percentage  composition  both  years,  although  densities 
were  about  3.5  times  greater  in  1980.  Yellow  perch  were  much  more  abundant  in 
1980  than  1981,  but  logperch  larval  abundance  changes  were  relatively  small 
between  years. 

Coregonid  Larvae  (1980  and  1981).  In  1980,  51  pull  net  samples  were 
collected  in  the  shallow  littoral  zone  of  the  St.  Marys  River  in  the  vicinity  of 
the  Dunbar  Research  'Station.  In  1981,  30  pull  net  collections  were  made  in  the 
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Table  15.  Summary  of  total  number  of  fish  larvae  collected  In  0.5  m  net  collections  near  macrophyte 
beds  (S) ,  and  In  1.0  m  net  collections  In  the  navigation  channel  (C),  Station  7,  St.  Marys 
River,  July  through  September  1979,  1980,  1981. 
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Table  16.  Summary  of  total  number  of  fish  larvae  collected  In  0.5  m  net  collections  near  macrophyte 
beds  (S),  and  In  1.0  m  net  collections  In  the  navigation  channel  (C),  Station  .9,  St.  Marys 
River,  July  through  September  1979,  1980,  1981. 
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TOTAL  779  225  138  19  A74 


shallow  littoral  area  Inshore  from  Station  5  of  the  Middle  Neeblsh  Channel.  In 
1981,  the  greatest  density  of  cisco  larvae  (103/100  m^)  occurred  In  a  night 
collection  on  20  April,  as  did  the  greatest  density  of  lake  whlteflsh  larvae 
(333/100  m^) ,  Surface  water  tei]q)erature8  on  this  date  were  however  day 
surface  temperatures  of  9°C  were  recorded  earlier  In  April  (Flp  ’-e  26).  Eight 
cisco  larvae  and  41  lake  whlteflsh  were  present  In  pull  net  cojxect.  ons  at 
Station  5  In  1981.  In  1980,  17  cisco  and  46  lake  whlteflsh  larvae  were  present 
In  pull  net  collections  from  a  contiguous  littoral  area.  Highest  density  of 
cisco'  larvae  In  1980  occurred  on  25  April  (193/100  m^) .  Highest  density  of 
lake  whlteflsh  larvae  occurred  on  27  April  (250/100  m^) .  Surface  water  temp¬ 
eratures  were  not  recorded  on  either  date.  Coregonld  larvae  appear  to  be  more 
abundant  In  night  collections,  however,  the  presence  of  Ice  floes  In  early 
April  makes  night  sampling  extremely  hazardous. 


JUVENILE  AND  ADULT  FISH 
Gill  Nets 

Winter,  1981.  A  total  of  310  fish  composed  of  12  species  were  taken  in  43 
bottom  gill  net  sets  from  late  January  through  March  In  Navigation  Courses  5 
and  7  In  1981  (Table  17).  White  sucker  was  found  to  comprise  42.5%  of  the  catch 
with  cisco  contributing  35.5%.  Lesser  represented  species  were  yellow  perch 
(6.5%),  northern  pike  (4.5%),  and  burbot  (4.5%).  Differences  in  species 
distribution  were  observed  both  among  and  between  sample  sites  In  1981. 

Cisco  dominated  catches  from  Navigation  Course  5  (percent  of  total  number 
53.8;  Table  18).  Most  cisco  were  captured  at  site  1  (Figure  5),  with  peak 
catches  occurring  In  March.  The  majority  of  cisco  taken  were  captured  in  that 
portion  of  the  net  nearest  the  ship  channel  margin.  White  sucker  and  burbot 
were  secondary  and  tertiary  dominants  in  catches  contributing  26.9  and  12.9%, 
respectively.  No  trends  In  distribution  of  these  species  were  apparent. 

Gill  net  collections  at  Navigation  Course  7  were  dominated  by  white 
sucker  (49.3%),  cisco  (27.6%),  yellow  perch  (10.1%),  and  northern  pike  (6.0%) 
(Table  19) .  Cisco  were  captured  In  slightly  higher  numbers  In  the  off-channel 
net,  while  white  sucker,  yellow  perch  and  northern  pike  were  captured  primarily 
in  the  nearshore  net.  Peak  catches  of  white  sucker  were  noted  in  February  while 
cisco  collection  modes  occurred  in  March. 

Fish  lengths  from  winter  collections  of  white  sucker  ranged  from  195  - 
525  mm  total  length  (TL)  with  frequency  peaks  centered  at  the  390,  420,  440  and 
480  mm  intervals  (Table  20) .  Cisco  lengths  ranged  from  213  ~  452  mm  TL.  Eighty 
one  percent  of  the  cisco  were  within  363  -  452  mm  TL  while  16.8%  were  <318  mm  TL 
with  nearly  all  of  these  captured  In  sets  at  Navigation  Course  7.  Yellow  perch 
lengths  ranged  from  161  to  300  mm  TL  with  the  mode  centered  at  230  mm  TL 
(Table  20) .  Northern  pike  ranged  from  301  to  860  mm  TL  with  the  mode  centered 
at  620  mm  TL.  Total  lengths  of  burbot  ranged  from  425  to  648  mm  with  the 
frequency  distribution  centered  at  519  mm  TL.  Too  few  fish  were  captured  to 
Indicate  any  peaks  In  the  sample.  Size  of  remaining  winter-collected  fish  were 
as  follows:  smelt,  134  -  167  mm;  lake  whlteflsh,  486  -  593  mm;  round  whlteflsh, 


Table  17.  Sunmary  of  all  gill  net  collections  taken  during  January  through 
March  at  Navigation  Courses  5  and  7  in  the  St.  Marys  River,  1981 
(N  -  43) . 


Species 

Total 

Ntanber 

Percent  of 
Total  Number 

Catch  Per 
Effort 

Total 
Weight  (g) 

Percent  of 

Total  Weight 

White  sucker 

132 

42.5 

3.1 

114,717 

50.3 

Cisco 

110 

35.5 

2.6 

62,622 

27.4 

Yellow  perch 

22 

6.5 

0.5 

5,240 

2.3 

Northern  pike 

14 

4.5 

0.3 

17,784 

7.8 

Burbot 

14 

4.5 

0.3 

18,830 

8.2 

Smelt 

9 

2.6 

0.2 

171 

<0.1 

Lake  whlteflsh 

4 

1.2 

0.1 

6,080 

2.7 

Round  whlteflsh 

1 

0.3 

<0.1 

490 

0.2 

Walleye 

1 

0.3 

<0.1 

1,220 

0.5 

Rainbow  trout 

1 

0.3 

<0.1 

740 

0.3 

Chinook  salmon 

1 

0.3 

<0.1 

300 

0.1 

Spottall  shiner 

1 

0.3 

<0.1 

12 

<0.1 

TOTAL 

310 

228,206 

100.0 
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Table  18.  Sunmary  of  all  gill  net  collections  taken  during  January  through 
March  at  Navigation  Course  5  In  the  St,  Marys  River,  1981  (N  -  21) 


Species 

Total 

Number 

Percent  of 
Total  Numbef 

Catch  Per 
Effort 

Total 
WelRht  (r) 

Percent  of 
Total  WelRht 

Cisco 

50 

53.8 

2.4 

33,313 

41.9 

White  sucker 

25 

26.9 

1.2 

24,610 

31.0 

Burbot 

12 

12.9 

0.6 

16,510 

20.8 

Smelt 

2 

2.1 

<0,1 

3,850 

4.8 

Lake  whlteflsh 

2 

2.1 

<0.1 

490 

0.6 

Northern  pike 

1 

1.0 

<0.1 

32 

<0.1 

Round  whlteflsh 

1 

1.0 

<0.1 

608 

0.8 

TOTAL 

93 

79,413 

100.0 

83 


Table  19.  Sumnary  of  all  gill  net  collections  taken  during  January  through 


March 

at  Navigation  Course  7  In 

the  St. 

Marys  River, 

1981  (N  -  22). 

Species 

Total 

Nuinber 

Percent  of 
Total  Number 

Catch  Per  Total 

Effort  Weight  (g) 

Percent  of 
Total  Weight 

Uhlte  sucker 

107 

49.3 

4.9 

90,107 

61.5 

Cisco 

60 

27.6 

2.7 

29,309 

20.0 

Yellow  perch 

22 

10.1 

1.0 

5,240 

3.6 

Northern  pike 

13 

6.0 

0.6 

17,176 

11.7 

Smelt 

7 

3.2 

0.3 

139 

<0.1 

Lake  whlteflsh 

2 

0.9 

0.1 

2,230 

1.5 

Burbot 

2 

0.9 

0.1 

2,320 

1.6 

Rainbow  trout 

1 

0.5 

<0.1 

740 

0.5 

Chinook  salmon 

1 

0.5 

<0.1 

300 

0.2 

Spottall  shiner 

1 

0.5 

<0.1 

12 

<0.1 

Walleye 

1 

0.5 

<0.1 

1,220 

0.8 

TOTAL 

217 

100.0 

146,473 

100.0 
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Table  20.  Length  frequency  composition  of  major  species  taken  during  winter  with  bottom  gill  nets  from 
Navigation  Courses  5  and  7,  St.  Marys  River,  1980  and  1981. 
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377  mm;  walleye  482  mm;  rainbow  trout,  434  mm;  chlnook  salmon,  315  mm;  spottall 
shiner,  115  mn. 

Winter,  1980  vs.  1981.  Data  on  catch  per  effort  (CPE)  and  length  fre¬ 
quencies  from  winter,  1980,  were  compared  with  data  from  winter,  1981,  although 
^vlgatlon  Course  5  was  not  sampled  In  1980,  and  a  site  nearer  Lake  Munuscong 
was  sampled  in  1980  but  not  1981  (Liston  et  al.  1981) .  Station  depths  and 
proximity  to  shorelines  and  ship  channels  was  similar,  however,  between  the 
two  years . 

Comparison  of  1980  and  1981  winter  CPE  for  all  stations  and  species 
generally  indicated  greater  CPE  values  In  1981  (Figure  30).  The  combined  catch 
of  white  sucker  and  cisco  comprised  the  bulk  of  the  catch  with  order  of 
dominance  reversed  between  years.  Catches  of  white  sucker  and  cisco  increased 
considerably  in  1981,  while  CPE  of  all  other  species  was  0.5  or  less  for  both 
years.  Eleven  species  were  taken  in  1980,  while  12  species  were  captured  in 
1981.  Species  appearing  in  1980  but  not  1981  included  carp,  trout-perch  and 
longnose  gar.  Species  appearing  in  1981  but  absent  in  1980  included  lake 
whltefish,  round  whlteflsh,  chlnook  salmon  and  rainbow  trout. 

Seventy-eight  percent  of  the  1981  catch  consisted  of  white  sucker  and 
cisco  compared  to  54%  for  these  species  in  1980  (Figure  31) .  Greatest  catch 
composition  increase  in  1981  was  evidenced  by  white  sucker,  increasing  from 
14.3%  in  1980  to  42.5%  in  1981.  Northern  pike,  cisco,  and  yellow  perch  all 
declined  in  percent  composition  in  1981.  The  decline  of  walleye  to  0.3%  of  the 
1981  catch  contrasted  against  the  1980  value  of  9.3%  was  also  noteworthy. 

Length  frequency  peaks  for  white  sucker  collected  during  winter  in  1980 
and  1981  were  similar  with  most  fish  falling  between  376  -  495  mm  XL  (Table  20) . 

A  larger  range  was  evident  in  the  1981  sample,  perhaps  as  a  consequence  of  the 
increased  number  of  fish  taken  that  year.  The  majority  of  cisco  fell  between 
363  and  422  mm  TL  for  both  years  (Table  20),  however,  a  greater  percentage  of 
individuals  were  258  mm  or  smaller  in  1981.  Cisco  tended  to  fall  more  into  the 
extremes  of  the  length  range  in  1981,  while  middle  length  intervals  (257  - 
377  mm)  contained  more  individuals  in  1980  (Table  20) .  Yellow  perch  lengths 
were  distributed  differently  in  1980  and  1981  (Table  20) .  In  1980,  frequencies 
were  consistently  greater  at  smaller  lengths  (160  -  220  mm)  while  the  reverse 
was  true  for  length  inteirvals  beginning  at  220  mm  in  1981.  Winter  captured 
northern  pike  were  primarily  between  501  and  700  mm  TL  during  1980  and  1981. 
However,  proportionately  more  individuals  were  smaller  than  500  mm  and  larger 
than  700  mm  in  1981  compared  to  1980  (Table  20).-  Walleye  captured  during  winter, 
1980  ranged  broadly  between  the  301  to  the  640  mm  TL  intervals  with  no  peaks 
dlscemable.  A  single  walleye  taken  in  1981  was  482  mm.  Burbot  total  lengths 
ranged  from  410  -  648  mm  for  15  fish  captured  in  1981  with  mean  length  cal¬ 
culated  at  519  mm  TL.  A  mean  length  of  346  mm  was  recorded  for  four  burbot 
sampled  in  1980. 

Open  Water,  Navigation  Courses  5,  7  and  9,  1981.  A  total  of  1,742  fish 
representing  26  species  were  captured  in  78  net  sets  from  Navigation  Courses  5, 

7  and  9  during  open  water  seasons,  1981.  Dominant  species  were  white-  sucker 
(25.5%),  cisco  (21.9%),  yellow  perch  (17.2%),  northern  pike  (11.9%),  rock  bass 
(7.6%),  and  walleye  (7.6%)  (Table  21). 
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Figure  30.  Comparison  of  1980  and  1981  catch  per  effort  (CPE)  of  winter  gill 
nets  set  in  the  St.  Marys  River  (1980,  N  ■  40;  1981,  N  =  43) . 
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Figure  31.  Percentage  composition  of  winter  gill  net  collections  taken 
during  1980  and  1981,  St.  Harys  River. 
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Table  21.  Summary  of  all  gill  net  collections  taken  during  April  through 

November  at  Navigation  Courses  5,  7  and  9  in  the  St.  Harys  River, 
1981  (N  -  78). 


Species 

Total 

Number 

Percent  of 
Total  Number 

Catch  per 
Effort 

Total 

Weight 

Percent  of 
Total  Weight 

White' sucker 

455 

25.5 

5.7 

359,707 

34.8 

Cisco 

381 

21.9 

4.9 

188,567 

18.2 

Tellow  perch 

300 

17.2 

3.8 

57,167 

5.5 

Northern  pike 

207 

11.9 

2.6 

179,063 

>  17.3 

Rock  bass 

132 

7.6 

1.7 

31,960 

3.1 

Walleye 

132 

7.6 

1.7 

92,840 

9.0 

Pink  salmon 

26 

1.5 

0.3 

24,862 

2.4 

Smelt 

20 

1.1 

0.3 

364 

<0.1 

Brown  bullhead 

19 

0.9 

0.2 

5,378 

0.5 

Spottall  shiner 

14 

0.8 

0.2 

261 

<0.1 

Shorthead  redhorse  13 

0.7 

0.2 

15,146 

1.5 

Silver  redhorse 

10 

0.6 

0.1 

25,080 

2.4 

Trout-perch 

9 

0.5 

0.1 

137 

<0.1 

Chinook  salmon 

6 

0.3 

0.1 

24,618 

2.4 

Alewlfe 

6 

0.3 

0.1 

266 

<0.1 

Emerald  shiner 

4 

0.3 

<0.1 

45 

<0.1 

Carp 

5 

0.3 

<0.1 

13,350 

1.3 

Channel  catfish 

3 

0.2 

<0.1 

1,729 

0.2 

Pumpklnseed 

3 

0.2 

<0.1 

556 

0.1 

Lake  white fish 

3 

0.2 

<0.1 

4,730 

0.5 

Burbot 

2 

0.1 

<0.1 

3,500 

0,3 

Longnose  gar 

1 

0.1 

<0. 1 

1,330 

0.1 

Rainbow  trout 

1 

0.1 

<0.1 

1,910 

0.2 

Coho  salmon 

1 

0.1 

<0.1 

1,750 

0.2 

Smallmouth  bass 

1 

0.1 

<0.1 

600 

0. 1 

Rosyface  shiner 

1 

0.1 

<0.1 

12 

<0.1 

TOTAL 

1,742 

100.0 

22.3 

1,034,928 

100.0 
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Spring  samples  were  dominated  by  white  sucker,  northern  pike,  cisco,  and 
yellow  perch.  Species  frequently  captured  during  summer  sampling  were  white 
sucker,  northern  pike,  and  yellow  perch.  Cisco  and  walleye  were  occasionally 
captured  In  high  numbers,  primarily  during  July.  Fall  sample  dominants  were 
white  sucker,  northern  pike,  yellow  perch,  and  rock  bass.  Novendier  collections 
contained  significant  numbers  of  cisco,  lake  whlteflsh  and  pink  salmon. 

Catch  per  effort  for  all  species  from  both  nearshore  and  near-channel 
was  greatest  In  Navigation  Course  7  (Figure  32) .  The  nearshore  nets  yielded 
higher  CPE  values  (all  species  combined)  at  all  stations  than  did  nets  set 
nearest  the  ship  channel. 

Nearshore  catches  of  white  sucker  were  comparable  among  the  three  naviga¬ 
tion  courses,  and  were  consistently  greater  than  near-channel  catches.  The 
smallest  overall  CPE  occurred  in  near-channel  waters  at  Course  9  (Figure  32) . 
Cisco  was  taken  mainly  in  Course  7,  and  nearshore  nets  generally  produced  more 
fish.  Yellow  perch  collections  were  distributed  among  stations  and  depths  nearly 
Identical  to  cisco  collections  (Figure  32).  Northern  pike  were  concentrated 
at  Course  9  with  nearly  equal  numbers  collected  at  nearshore  and  near-channel 
sites  for  all  stations.  Rock  bass  were  rare  at  Course  7  and  were  commonly 
taken  at  Course  9.  Walleye  was  the  only  major  species  generally  concentrated 
at  Course  5,  where  nearshore  nets  caught  the  majority  of  Individuals. 

Length  frequencies  for  white  sucker  collected  during  open  water  1981  ranged 
from  196  -  596  mm  TL  (Table  22).  The  mode  was  centered  at  421  mm  TL.  Roughly 
74%  of  the  catch  was  composed  of  fish  between  376  and  495  mm  TL.  Cisco  ranged 
In  length  from  123  -  482  mm  TL.  Eighty-two  percent  fell  within  318  -  437  mm  TL 
with  the  distribution  mode  located  at  413  mm  TL.  Total  lengths  of  yellow  perch 
ranged  from  81  -  420  mm  TL.  Most  perch  (89%)  fell  within  161  -  340  mm,  with  the 
peak  centered  at  230  mm.  Northern  pike  ranged  from  301  -  860  mm  TL  (Table  23) . 
Roughly  26%  of  the  pike  catch  was  in  the  interval  centered  on  the  mode  of  480  mm 
TL.  Nearly  88%  of  the  total  catch  was  contained  within  the  interval  from  380  - 
620  mm  TL.  Rock  bass  total  lengths  ranged  from  111  -  370  mm.  Most  rock  bass 
(86%)  fell  within  171  -  270  mm  TL  with  the  peak  at  245  mm.  Walleye  ranged  from 
241  -  660  mm  TL  with  the  peak  centered  at  430  mm  (Table  23).  Forty-six  percent 
of  the  catch  was  contained  within  the  401  -  540  mm  TL  interval. 

Open  Water.  Lake  George.  A  total  of  28  gill  net  samples  from  Lake  George 
collected  652  fish  represented  by  22  species  (Table  24).  Nearly  73%  of  the 
catch  consisted  of  white  sucker  (30.5%),  northern  pike  (21.8%),  and  yellow 
perch  (20.2%).  Rock  bass,  walleye,  and  cisco  were  common  in  samples.  White 
sucker  and  northern  pike  together  comprised  roughly  70%  of  the  total  weight  of 
the  catch.  Walleye  contributed  about  8.4%  by  weight  (Table  24). 

Northern  pike,  yellow  perch,  and  white  sucker  dominated  catches  at  the 
Inception  of  sampling  in  spring.  These  species  continued  to  be  common  in  June 
samples.  Rock  bass  and  walleye  were  collected  frequently  in  July.  Small 
numbers  of  pink  salmon  and  cisco  were  taken  in  fall  collections. 

Highest  catch  per  effort  for  all  species  was  recorded  in  the  near  channel 
net  (Figure  33).  CPE  broken  down  by  major  species  indicated  all  fish  to  occur 
more  frequently  in  the  near  channel  collections  with  the  exception  of  rock  bass. 
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Catch  Per  Effort 


Figure  32.  Conparlson  of  catch  per  effort  of  major  species  collected 
with  gill  nets  during  open  water  months  (April  through 
November)  in  Navigation  Courses  5,  7  and  9,  St.  Marys  River, 
1981. 
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Table  22.  Comparison  of  length  frequencies  (2)  of  white  sucker,  cisco,  and  yellow 
perch  collected  during  open  water  seasons  In  1980  and  1981  by  bottom 
gill  nets.  Navigation  Courses  5,  7  and  9,  St.  Marys  River. 
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0.0 

100 

1.4 

0.0 

1  70 

0.9 

0.0. 

2.8 

0.0 

90 

2.6 

3.6 

• 

130 

1.9 

1.1 

no 

2.6 

3.6 

210 

0.5 

2.0 

145 

0.5 

0.0 

130 

1.8 

0.4 

240 

2.4 

1.1 

160 

0.0 

0.0 

150 

0.9 

0.4 

270 

5.3 

1.1 

>75 

0.0 

0.0 

170 

6.1 

5.8 

300 

4.4 

4.6 

190 

0.0 

0.0 

190 

17.5 

15.2 

330 

5.8 

7.8 

205 

0.5 
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0.7 
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14.1 
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0.4 
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32.5 

28.7 
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2.4 

0.0 
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10.5 
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20.9 
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265 

1.9 

2.0 
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3.5 

6.7 
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6.3 

9.1 

280 

6.6 

5.5 

310 

5.3 

5.4 
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1.5 

2.8 
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1.8 
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0.0 
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0.0 

2.2 
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0.0 
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3.3 
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0.0 

0.0 

0 
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11.8 
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0.0 

0.0 

• 

355 
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10.3 
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0.0 

0.4 
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0.0 

0.0 
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7.1 

10.7 
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13.3 

11.8 
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12.8 

12.1 
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8.1 

12.9 
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1.9 

7.0 
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0.5 

1.5 
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0.5 

0.4 
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0.5 

0.7 
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Table  23.  Comparison  of  length  frequencies  (Z)  of  northern  pike,  rock  bass  and 

walleye  collected  during  open  water  seasons  in  1980  and  1981  by  bottom 
gill  nets.  Navigation  Courses  5,  7  and  9,  St.  Marys  River. 
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Table  24.  Sumnaiy  of  all  gill  net  collections  taken  during  April  through 
Noveiid>er  from  Lake  George  In  the  St.  Marys  River,  1981  (N  >  28) . 


Species 

Total 

Number 

Percent  of 
Total  Number 

Catch  per 
Effort 

Total 

Weight  .(g)_ 

Percent  of 
Total  Weleht 

White  - sucker 

199 

30.5 

7.1 

177,162 

43.0 

Horthem  pike 

142 

21.8 

5.1 

107,746 

26.2 

Yellow  perch 

132 

20.2 

4.7 

20,076 

4.9 

Rock  bass 

45 

6.9 

1.6 

11,036 

2.7 

Walleye 

25 

3.8 

0.9 

34,597 

8.4 

Cisco 

21 

3.2 

0.8 

8,885 

2.2 

Spottall  shiner 

17 

2.6 

0.6 

180 

<0.1 

Longnose  sucker 

16 

2.4 

0.6 

13,812 

3.4 

Silver  redhorse 

10 

1.5 

0.4 

18,156 

4.4 

Smelt 

8 

1.2 

0.3 

183 

<0.1 

Channel  catfish 

6 

0.9 

0.2 

4,792 

1.2 

Pink  salmon 

5 

0.8 

0.2 

5,288 

1.3 

Rosyface  shiner 

5 

0.8 

0.2 

51 

<0.1 

Brown  bullhead 

4 

0.6 

0.1 

908 

0.2 

Shorthead  redhorse 

4 

0.6 

0.1 

3,870 

0.9 

Trout-perch 

3 

0.5 

0.1 

34 

<0.1 

Alewlfe 

3 

0.5 

0.1 

29 

<0. 1 

Smallmouth  bass 

3 

0.5 

0.1 

812 

0.2 

Mottled  sculpln 

1 

0.2 

<0.1 

8 

<0.1 

Carp 

1 

0.2 

<0.1 

3,440 

0.8 

Pumpklnseed 

1 

0.2 

<0.1 

112 

<0.1 

Chinook  salmon 

1 

0.2 

<0.1 

870 

0.2 

TOTAL 

652 

100.0 

23.2 

412,047 

100.0 
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Figure  33.  Catch  per  effort  of  major  species  collected  with  gill  nets 
during  open  water  months  (April  through  November)  in  Lake 
George,  1981. 
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The  range  In  length  frequency  Intervals  for  white  sucker  collected  In 
Lake  George  was  106  -  525  mm  TL  (Table  25) .  Nearly  seventy-five  percent  of  the 
catch  was  between  406  -  495  m  TL  with  the  mode  at  420  mm  TL.  Cisco  total 
lengths  ranged  from  108  -  437  mn  TL.  Peaks  occurred  at  324  and  378  mm  TL  and 
62Z  of  the  sample  was  contained  in  the  Interval  318  to  392  mm.  Yellow  perch 

ranged  from  81  to  350  mm  TL.  The  peak  occurred  at  183  mm  TL,  however,  86%  of 

the  catch  was  bounded  by  the  Interval  161  -  280  mm  TL.  Northern  pike  from  Lake 
George  were  between  301  and  780  mn  TL  and  about  88%  of  the  catch  was  contained 
within  the  Interval  341  -  620  mm  (Table  26).  Two  peaks  were  noted  In  the 
distribution  centered  at  430  and  540  mm  TL.  Rock  bass  total  lengths  ranged  from 
131  to  280  mm  TL.  The  mode  was  centered  at  195  mm  TL.  Roughly  89%  of  the  rock 
bass  catch  was  within  the  Interval  161  -  260  mm  TL.  Walleye  length  frequencies 

ranged  from  341  -  640  mm  TL.  However,  the  majority  (76%)  of  the  sample  was 

contained  within  the  Interval  401  -  560  mm  TL  with  the  mode  at  470  mm. 

Open  Water,  Navigation  Courses  5,  7  and  9,  1980  vs.  1981.  Comparison  of 
1980  -  1981  open  water  catch-per-effort  values  revealed  that  overall  CPE 
declined  slightly  In  1981  (Figure  34).  Comparison  of  CPE  values  for  single 
species  Indicated  declines  for  all  species  except  northern  pike,  yellow  perch, 
and  walleye.  Cisco  evidenced  the  greatest  decline. 

Roughly  48%  of  the  1980  and  1981  catches  consisted  of  cisco  and  white 
sucker  with  order  of  dominance  and  percentage  contribution  switched  between 
years  (Figure  35),  Northern  pike,  white  sucker,  yellow  perch,  and  walleye  all 
composed  a  greater  percentage  of  the  catch  in  1981  as  a  consequence  of  the 
decline  In  Incidence  of  the  minor  species  in  collections. 

Length  frequency  modes  for  white  sucker  collected  during  open  water  In 
1980  -  1981  were  similar  between  years  with  peaks  centered  at  390,  420,  and 
450  mm  TL  (Table  22) .  A  slightly  broader  range  in  the  cisco  length  frequency 
distribution  occurred  In  1980.  This  was  a  consequence  of  the  collection  of 
more  small  fish  (<137  mm).  Peaks  were  centered  at  340,  355,  370,  385,  400, 
and  415  mm  TL  with  the  bulk  of  the  sample  bounded  by  the  interval  333  -  422  mm 
In  1981.  Cisco  length  frequencies  In  1980  indicated  the  dominance  of  fish  in 
the  288  -  302  and  378  -  407  mm  TL  intervals  In  the  catch  (Table  22) .  The  bulk 
of  the  yellow  perch  catch  was  contained  within  the  interval  181  -  280  mm  TL 
during  both  years.  Percentage  composition  was  slightly  higher  in  both  tails 
of  the  length  frequency  distribution  in  1981,  The  northern  pike  length 
frequencies  Indicated  an  interval  shift  of  peaks  in  the  distribution  (Table  23) . 
However,  the  mode  was  centered  at  480  mm  TL  both  years.  Rock  bass  length 
frequencies  exhibited  a  slightly  broader  range  in  1981.  Peaks  were  noted  at 
195,  235  and  245  mm  TL  as  compared  to  peaks  at  185,  205  and  225  mm  TL  In  1980. 

A  slightly  broader  range  for  1981  walleye  length  frequencies  was  apparent. 

The  1980  and  1981  modes  were  centered  at  370  and  430  mm  TL,  respectively. 

Open  Water.  Lake  George  vs.  Lake  Nicolet,  1981.  Comparisons  of  catch  per 
effort  for  the  six  major  species  taken  in  gill  nets  is  given  in  Figure  36  for 
Lake  George  and  Navigation  Course  5  (Lake  Nicolet) .  CPE  for  all  species  combined 
was  higher  in  Lake  George.  This  was  primarily  a  function  of  higher  CPE  values 
for  northern  pike  and  yellow  perch,  although  all  of  the  major  species  except 
cisco  and  walleye  exhibited  higher  CPE  values  for  Lake  George. 
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Table  25.  Comparison  of  length  frequencies  (Z)  of  white  sucker,  cisco  and  yellow 
perch  collected  during  open  water  seasons  in  1981  by  bottom  gill  nets. 
Navigation  Course  5  and  Lake  George,  St.  Marys  River. 
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Table  26.  Comparison  of  length  frequencies  (Z)  of  northern  pike,  rock  bass  and 

walleye  collected  during  open  water  seasons  in  1981  by  bottom  gill  nets. 
Navigation  Course  5  and  Lake  George,  St.  Marys  River. 
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Figure  34.  Comparison  of  catch  per  effort  of  major  species  collected  with  gill  nets  during  open 
water  months  from  Navigation  Courses  5,  7  and  9,  St.  Marys  River,  1980  vs.  1981. 
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Figure  35,  Comparison  of  percent  composition  comprised  by  major  species  in  open  water  gill 
net  collections  taken  from  Navigation  Courses  5,  7  and  9,  St.  Marys  River, 

1980  vs.  1981. 


White  sucker  composed  about  one  third  of  the  catch  at  both  sample  sites 
(Figure  37) .  Cisco  and  walleye  contributed  a  greater  percentage  of  the  catch 
in  Lake  Nicolet  than  in  Lake  George  (11  and  18. 5Z  vs.  3  and  AZ,  respectively). 

In  contrasty  northern  pike  and  yellow  perch  composed  21  and  20Z  of  the  catch 
in  Lake  George  as  compared  to  their  respective  contribution  to  the  Lake  Nicolet 
catch  of  8.5  and  9.0Z. 

Length  frequency  peaks  for  white  sucker  captured  in  Lake  Nicolet  and  Lake 
George  were  dissimilar  (Table  25) .  Although  the  majority  of  the  catch  in  both 
areas  was  within  the  interval  376  -  A95  mm  TL,  peaks  were  noted  between  226  - 
285  and  316  -  345  mm  TL  in  the  Lake  Nicolet  sample  that  were  not  evident  in 
Lake  George.  Peaks  centered  at  325*  340*  370y  and  385  mm  TL  were  evident  in 
the  cisco  length  frequency  distribution  from  Lake  George.  Corresponding  modes 
were  recorded  in  Lake  Nicolet  at  340y  370*  and  385  mm  with  many  fish  recorded 
beyond  393  mm  TL.  A  paucity  of  fish  was  noted  in  the  Lake  Nicolet  sample  in 
Intervals  below  333  mm  TL.  Comparisons  of  yellow  perch  catches  between  the  two 
sites  indicated  disparity.  Although  the  modes  were  similar  the  proportion  of 
the  sample  consisting  of  large  fish  (269  mm)  was  slightly  greater  in  Lake 
Nicolet.  In  contrast,  the  Lake  George  sample  contained  more  fish  <180  mm  TL. 

The  range  and  structure  of  the  length  frequency  distribution  for  northern  pike 
taken  in  the  two  areas  was  roughly  similar  with  differences  primarily  a 
function  of  sample  size  (Table  26).  Rock  bass  in  the  241  -  250  mm  Interval 
occurred  with  higher  frequency  in  Lake  Nicolet.  Again,  the  major  portion  of  the 
sample  fell  within  a  common  Interval.  Greater  dispersion,  more  numerous 
frequency  peaks  and  greater  total  numbers  were  all  evident  for  walleye  from 
Lake  Nicolet  compared  with  Lake  George.  Walleye  ranged  broadly  between 
241  -  600  mm  TL  in  the  Lake  Nicolet  sample  with  frequency  peaks  recorded  at 
379,  430,  and  470  mm  TL. 

Small  Mesh  Trap  Nets 

Navigation  Courses  5,  7  and  9,  1981.  A  total  of  8,103  fish  representing  42 
species  were  collected  in  82  small  mesh  trap  net  samples  from  the  upper  littoral 
zone  of  Navigation  Courses  5,  7  and  9  (Table  27).  Blueglll  was  numerically 
the  most  Important  species,  comprising  28.5%  of  the  total  catch.  Other  abundant 
species  in  order  of  decreasing  Importance  Included:  brown  bullhead,  yellow 
perch,  bluntnose  minnow,  white  sucker,  spottall  shiner,  sand  shiner,  mimic 
shiner,  pumpklnseed,  common  shiner,  rock  bass  and  alewlfe.  The  majority  of  the 
total  weight  of  the  catch  was  accounted  for  by  white  suckers  (35.5%)  and  brown 
bullheads  (33.9%). 

With  all  species  combined,  collections  were  greater  in  Navigation  Course  9 
(catch  per  effort,  CPE  «•  129.5)  than  in  Navigation  Course  7  (CPE  ■  104.8)  or 
Navigation  Course  5  (CPE  ■  68.7;  Figure  38).  Collections  of  the  small  mesh 
trap  nets  in  these  navigation  courses  were  greater  during  the  day  (CPE  =  117.6) 
than  at  night  (CPE  ■  79.1). 

Blueglll  was  numerically  the  most  important  species.  Most  bluegill  were 
young-of-the-year  (98.1%)  taken  in  daylight  during  summer  at  Navigation  Course 
9.  About  1.9%  were  age  I.  Bluegill  were  collected  in  greater  numbers  during 
the  day  (CPE  -  48.4)  than  at  night  (CPE  »  6.9;  Figure  39).  More  bluegill  were 
taken  during  the  summer  (June  -  August,  CPE  “  56.7)  than  during  the  fall 
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Figure  37.  Comparison  of  percent  composition  comprised  by  major  species  in 
open  vater  gill  net  collections  taken  from  Navigation  Course  5 
(Lake  Nicolet)  and  Lake  George,  1981. 
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Table  27 .  Sunmary  of  all  small  mesh  trap  net  collections  taken  during  May  through  November  at 
Navigation  Courses  5,  7  and  9  In  the  St.  Marys  River,  1981  (N  -  82). 
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Figure  38.  Catch  per  effort  of  major  species  collected  with  small 

mesh  trap  nets  at  Navigation  Courses  5,  7  and  9,  St.  Marys 
River,  during  May  through  November,  1981  (N  -  32,  Course 
5;  N  “  23,  Course  7;  N  -  27,  Course  9). 
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Figure  38.  (Continued) 
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Figure  39.  Day  and  night  catch  per  effort  conparlaons  for  major  species 
taken  In  small  mesh  trap  nets  at  Navigation  Courses  5,  7  and 
9,  St.  Marys  River,  during  May  through  Novendier,  1981  (N  *  42, 
day;  N  ■  40,  night). 
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(Septenber  -  Noveiid>er,  CPE  ■  3.1)  or  spring  (May,  CPE  ■  0.0).  Bluegill  were 
also  more  abundant  in  the  littoral  zone  of  Navigation  Course  9  than  Navigation 
Course  5  and  only  a  few  bluegill  were  collected  in  the  littoral  zone  of 
Navigation  Course  7  (Figure  38) . 

Brown  bullheads  accounted  for  13. 6Z  of  the  total  nusbers  (CPE  ■>  13.4)  and 
33. 9Z  of  the  total  weight  of  the  small  aiesh  trap  net  collections  (Table  27). 

Most  brown  bullheads  were  taken  in  Navigation  Course  5  (Figure  38) .  This  species 
was  wch  more  active  in  the  upper  littoral  zone  at  night  (CPE  >  25.9)  than 
during  the  day  (CPE  *  1.6)  (Figure  39).  Fall  collections  were  largest  (CPE  > 
26.3)  followed  by  spring  (CPE  «  11.1),  and  finally  by  summer  collections 
(CPE  *  3.9).  Ifeillke  most  of  the  other  species  collected  in  the  upper  littoral  . 
zone,  brown  bullheads  exhibited  a  wide  range  of  lengths.  Of  the  Individuals 
processed,  36. 4Z  were  less  than  100  mm  in  length,  26. 4Z  were  between  100  and 
200  nn  in  length  and  37. 2Z  were  longer  than  200  mm.  Individuals  in  all  size 
ranges  were  collected  in  all  seasons. 

Yellow  perch  accounted  for  12. 8Z  of  the  small  mesh  trap  net  collections 
(CPE  ■  12.6).  Yellow  perch  are  an  important  sport  fish  in  the  St.  Marys  River 
and  are  abundant  throughout  the  St.  Marys  system.  More  yellow  perch  were  taken 
in  Navigation  Course  7  than  in  either  Navigation  Course  9  or  5  (Figure  38) . 
Relatively  large  numbers  of  yellow  perch  were  collected  both  during  the  day 
(CPE  >  14.1)  and  at  night  (CPE  «  11.2;  Figure  39).  Of  the  yellow  perch  aged, 

38. IZ  were  young-of-the-year,  57.7%  were  one  year  olds  and  only  2.6%  were  two 
year  olds.  A  few  fish  age  III  and  older  were  also  taken  (1.6%).  Young-of-the- 
year  yellow  perch  were  first  collected  during  August  and  were  later  taken 
throughout  the  fall.  Most  (79.9%)  of  the  age  I  yellow  perch  were  taken  in 
May,  June  and  July.  Catches  of  age  I  fish  declined  in  late  summer  and  fall  as 
they  apparently  moved  out  of  the  upper  littoral  zones.  Considering  all 
individuals,  more  yellow  perch  were  collected  during  the  summer  (CPE  ■  21.1) 
than  during  the  fall  (CPE  >  6.6)  or  spring  (CPE  >  1.1). 

Bluntnose  minnows  accounted  for  11.3%  of  the  total  catch  (CPE  =  11.1). 

More  bluntnose  minnows  were  taken  in  Navigation  Course  9  than  in  either 
Navigation  Course  7  or  5  (Figure  38) .  They  were  also  collected  in  greater 
numbers  during  the  day  (CPE  ■  17.9)  than  at  night  (CPE  ■  4.1;  Figure  39).  This 
species  was  more  abundant  in  the  upper  littoral  zone  during  the  summer  (CPE  « 
18.0)  than  during  the  spring  (CPE  »  4.3)  or  fall  (CPE  ■  5.1).  Of  the  individuals 
measured,  3.4Z  were  smaller  than  50  mm  in  length,  90.3%  were  between  51  and  75  mm 
and  6.3%  were  between  76  and  100  mm  in  length. 

White  suckers  accounted  for  7.8%  by  number  of  the  small  mesh  trap  net 
collections  (CPE  ■  7.7)  and  comprised  35.5%  of  the  total  weight.  Catches  of 
white  suckers  were  greatest  in  Navigation  Course  7  but  they  were  also  moderately 
abxindant  in  Navigation  Course  9  (Figure  38).  White  suckers  were  taken  both 
during  the  day  (CPE  -8.7)  and  at  night  (CPE  ■  6.7;  Figure  39).  Greater  numbers 
of  white  suckers  were  collected  during  the  summer  (CPE  “9.3)  and  fall  (CPE  * 

8.2)  than  during  the  spring  (CPE  -  1.5).  The  larger  summer  and  fall  collections 
Included  young-of-the-year  white  suckers.  Most  white  suckers  in  the  upper 
littoral  zone  were  either  young-of-the-year  or  age  I,  but  older  suckers  were 
frequently  taken.  Of  all  the  individuals  measured,  79.6%  were  less  than  200  mm 
in  length  while  20.4%  were  longer  than  300  mm. 
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Spottall  shiners  were  a  conmon  forage  minnow  taken  In  the  trap  nets.  This 
species  accounted  for  4.8Z  of  the  catch  (CPE  •  4.7).  Spottall  shiners  were  more 
abundant  in  Navigation  Course  7  than  In  Navigation  Courses  5  and  9  (Figure  38). 
Collections  at  night  (CPE  •■6.4)  were  larger  than  those  during  the  day 
(CPE  -  3.1;  Figure  39).  More  spottall  shiners  were  collected  during  the  summer 
(CPE  >8.7)  than  during  the  spring  (CPE  *  3.3)  or  fall  (CPE  >0.3).  Of  the 
individuals  processed,  2.5%  were  less  than  50  mn  In  length,  59.7%  were  between 
51  and  75  mm,  34.5%  were  between  76  and  100  mm,  and  3.4%  were  longer  than  101  mm. 
Ages  0  -  III  were  represented  In  the  collections. 

Sand  shiners  and  mimic  shiners  are  closely  related  minnows.  Sand  shiners 
accounted  for  3.4%  of  the  total  catch  numerically  (CPE  ■>  3.3),  while  mimic 
shiners  comprised  2.9%  of  the  total  catch  (CPE  >  2.9).  The  coiid>lned  weight  of 
these  two  minnows  accounted  for  less  than  1%  of  the  total  weight  of  the  catch. 

Both  of  these  species  were  collected  In  greater  numbers  In  Navigation  Course  7 
than  in  Navigation  Courses  9  or  5  (Figure  38) .  More  sand  shiners  were  taken 
at  night  (CPE  ■  3.8)  than  during  the  day  (CPE  ■  2.9),  while  equal  numbers  of 
mimic  shiners  were  collected  during  both  periods  (CPE  >  2.9;  Figure  39).  Summer 
collections  of  sand  shiners  (CPE  >  6.4)  and  mimic  shiners  (CPE  >  5.2)  were 
greater  than  spring  (sand  shiner  CPE  >  1.0,  mimic  shiner  CPE  >  1.1)  or  fall 
collections  (sand  shiner  CPE  ■■  0.3,  mimic  shiner  CPE  >  0.7). 

Pumpklnseeds  accounted  for  2.6%  of  the  total  catch  (CPE  »  2.5).  Pumpkin- 
seeds  were  widely  distributed  In  the  St.  Marys  River,  but  largest  numbers  were 
taken  In  Navigation  Courses  5  and  7  (Figure  38).  Greater  numbers  of  pumpklnseeds 
were  taken  during  the  day  (CPE  =4.3)  than  at  night  (CPE  ■•  0.7;  Figure  39). 
Pumpklnseeds  were  also  more  abundant  in  the  littoral  area  during  the  fall 
(CPE  ■  6.3)  than  summer  (CPE  *  0.3)  or  spring  (CPE  ■  0.2).  Most  pumpklnseeds 
were  young-of-the-year  (90.5%)  or  age  I  (6.9%),  but  a  few  older  Individuals  were 
taken  (2.6%). 

Common  shiners  accounted  for  2.5%  of  the  total  catch  (CPE  *  2.4)  in  the 
small  mesh  trap  nets.  Greatest  numbers  were  taken  in  the  fall  (CPE  ■  4.1)  and 
most  were  collected  in  Navigation  Course  7  (Figure  38).  Spring  (CPE  ■  0.4)  and 
sunmer  (CPE  ■  1.7)  collections  of  common  shiners  were  much  smaller.  More 
common  shiners  were  collected  at  night  (CPE  *  3.1)  than  during  the  day  (CPE  * 

1.8;  Figure  39).  Most  common  shiners  In  the  upper  littoral  areas  were  between 
51  and  75  mm  (76.5%)  or  76  and  100  mm  (21.6%)  in  length.  A  few  common  shiners 
were  smaller  than  50  mm  (1.0%)  and  a  few  were  larger  than  100  mm  (1.0%). 

Rock  bass  accounted  for  1.9%  of  the  total  small  mesh  trap  net  catch 
(CPE  -  1.8).  Rock  bass  were  taken  In  all  areas  but  more  were  taken  in  Navigation 
Course  5  than  in  other  navigation  courses  (Figure  38) .  Unlike  the  other 
centrarchlds,  more  rock  bass  were  collected  at  night  (CPE  ■•  3.1)  than  during  the 
day  (CPE  =  0.7).  More  rock  bass  were  also  collected  during  the  summer  (CPE  «  1.8) 
and  fall  (CPE  -  2.4)  than  during  the  spring  (CPE  -  0.7).  The  greater  summer  and 
fall  collections  reflect  the  importance  of  age  0  rock  bass  to  the  overall  catch. 
Ages  of  rock  bass  were  as  follows:  age  0  -  73.2%;  age  I  -  8.5%;  age  II  -  1.2%; 
age  III  -  3.7%;  age  IV  -  2.4%;  age  V  -  1.2%;  age  VI  -  3.7%;  age  VII  -  4.9%;  and 
age  VIII  -  1.2%. 
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Alewlfe  accounted  for  1.6Z  of  the  total  small  mesh  trap  net  catch  (CPE  * 
1.6).  Alewlfe  were  all  young-of-the-year  taken  in  the  fall  (CPE  -  4.2)  at 
Navigation  Course  9  (CPE  ■  4.8;  Figure  38).  All  but  one  alewlfe  were  taken 
during  the  day  (CPE  -  3.1;  Figure  39).  Young-of-the-year  alewlfe  apparently  use 
the  upper  littoral  area  In  Navigation  Course  9  as  a  nursery  area. 

Other  Important  sport  fish  taken  occasionally  in  the  small  mesh  trap  nets 
Included  smallmouth  bass,  black  crapple  and  northern  pike  (Table  27) .  Most 
smallmouth  bass  (70.5%)  and  black  crapple  (66.7%)  were  young-of-the-year.  Of 
the  northern  pike  taken,  14.2%  were  young-of-the-year  but  most  (85.8%)  were 
older. 

Lake  George,  1981.  A  total  of  11,769  fish  representing  35  species  were 
collected  In  36  small  mesh  trap  net  samples  taken  in  Lake  George  (Table  28) . 
Spottall  shiner,  a  common  forage  minnow,  was  numerically  the  most  Important 
species  comprising  51.5%  of  the  total  catch.  Other  abtmdant  species  In  order 
of  decreasing  Importance  Included:  common  shiner,  yellow  perch,  bluntnose 
minnow,  black  crapple,  golden  shiner,  mimic  shiner,  brown  bullhead,  white 
sucker,  rock  bass,  pumpklnseed,  bluegill,  and  smallmouth  bass.  The  majority 
of  the  total  weight  of  the  catch  was  accounted  for  by  brown  bullhead,  northern 
pike,  bowfln,  and  white  sucker  (Table  28) .  When  all  species  were  combined 
collections  were  much  larger  during  the  day  (CPE  ■  575.6)  than  at  night 
(CPE  »  78.2). 

Spottall  shiners  (CPE  ■  168.3)  were  numerically  the  most  Important  species. 
Most  individuals  were  collected  during  the  day  (CPE  ■  321.9;  Figure  40). 

Spottall  shiner  abundance  was  low  In  the  spring  (CPE  «  0.8),  peaked  In  the 
summer  (CPE  •  302.8)  and  declined  sharply  during  the  fall  (CPE  •  0.1).  Most 
spottall  shiners  (91.5%)  collected  were  smaller  than  76  mm  in  total  length  and 
only  0.8%  were  larger  than  101  mm. 

Common  shiners  accounted  for  25.0%  of  the  Lake  George  collections 
numerically  (CPE  ■  81.6).  Common  shiners  were  collected  In  greater  numbers 
during  the  day  (CPE  ■  144.5)  than  at  night  (CPE  *  18.7;  Figure  40).  Abundance 
of  common  shiners  was  low  in  the  spring  (CPE  ■  2.3),  high  in  the  summer 
(CPE  ■  143.0),  and  low  in  the  fall  (CPE  -  5.8).  Most  (77.7%)  of  the  common 
shiners  were  less  than  51  mm  In  length,  18.4%  were  between  76  and  100  mm  in 
length  and  3.9%  were  larger  than  101  mm. 

Yellow  perch  (CPE  *  21.6)  numerically  accounted  for  6,6%  of  the  Lake 
George  small  mesh  trap  net  collections.  More  yellow  perch  were  taken  during 
the  day  (CPE  ■  38.4)  than  at  night  (CPE  ■  4.7;  Figure  40).  Summer  collections 
(35.9)  were  greater  than  spring  (CPE  »  0.3)  or  fall  collections  (CPE  ■  4.8). 

Most  yellow  perch  were  either  young-of-the-year  (29.9%)  or  age  I  (64.0%). 

Yellow  perch  older  than  age  1  accounted  for  6.1%  of  the  fish  aged. 

Bluntnose  minnows  comprised  3.3%  of  the  Lake  George  small  mesh  trap  net 
collections  (CPE  *  10.8).  More  bluntnose  minnows  were  collected  during  the 
day  (CPE  »  17.9)  than  at  night  (CPE  ■  3.7;  Figure  40).  Bluntnose  minnows  were 
abundant  during  the  summer  (CPE  >  19.1),  and  only  a  few  were  taken  during  the 
fall  (CPE  “  0.7)  and  none  were  taken  during  the  spring.  Of  the  bluntnose 
minnows  processed,  98.6%  were  less  than  76  mm  In  length. 
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Table  28.  Summary  of  all  small  mesh  trap  net  collections  taken  during  May  through  November  In 
George,  St.  Marys  River,  1981  (N  -  36). 
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Table  28.  (Concluded) 
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Figure  40.  Day  and  night  catch  per  effort  comparisons  for  major  species 
taken  In  small  mesh  trap  nets  at  Lake  George  during  May 
through  October,  1981  (N  »  18,  day;  N  »  18,  night). 


Young-of-the-year  black  crapple  accounted  for  2.3%  of  the  total  catch 
(CPE  -  7.4).  Black  crapple  numbers  in  the  upper  littoral  zone  peaked  In  the 
auimner  (CPE  ■  13.1).  In  the  fall,  young-of-the-year  black  crapple  apparently 
moved  out  of  the  shallow  water  (CPE  *  0.4).  More  black  crapple  were  collected 
during  the  day  (CPE  -  9.8)  than  at  night  (CPE  -  5.1;  Figure  40). 

Golden  shiners  comprised  2.2%  of  the  Lake  George  trap  net  collections 
(CPE  7.1).  More  golden  shiners  were  taken  during  the  day  (CPE  *  10.8)  than 
at  night  (CPE  ■  3.3;  Figure  40).  Golden  shiner  collections  were  also  greater 
during  the  summer  (CPE  -  12.6)  than  spring  (CPE  -  0.3)  or  fall  (CPE  -  0.1). 

Size  ranges  of  golden  shiners  included  the  following:  26  to  50  mm  -  24.7%; 

51  to  75  mm  -  69.1%;  and  76  to  100  tin  -  6.2%. 

Mimic  shiners  numerically  accounted  for  1.7%  of  the  small  mesh  trap  net 
collections  (CPE  ■  5.6).  Mimic  shiners  were  more  active  in  the  upper  littoral 
areas  during  the  day  (CPE  -  10.6)  than  at  night  (CPE  -  0.6;  Figure  40). 

Although  most  mimic  shiners  were  taken  during  the  summer  (CPE  ■  10.0)  a  few 
were  collected  in  the  fall  (CPE  -  0.2). 

Brown  bullhead  numerically  comprised  1.5%  of  the  Lake  George  small  mesh 
trap  net  collections  (CPE  -  4.9).  This  species  also  accounted  for  18.2%  of  the 
total  weight  of  the  catch  (Table  28).  Unlike  the  cyprlnlds,  more  brown  bullheads 
were  collected  at  night  (CPE  -  9.4)  than  during  the  day  (CPE  -  0.4;  Figure  40). 
Greatest  numbers  of  brown  bullhead  were  taken  aurlng  the  spring  (CPE  *  5.5). 
Catches  decreased  in  the  summer  (CPE  -  4.8)  and  then  increased  again  in  the  fall 
(CPE  ■  5.1).  Although  most  brown  bullhead  were  small,  other  size  classes  were 
present.  Size  ranges  included:  0  to  100  mm  -  44.2%;  101  to  200  mm  -  16.7%; 

201  to  300  mm  -  32.5%;  and  301  to  400  mm  -  6.7%. 

White  suckers  numerically  accounted  for  1.2%  of  the  total  Lake  George 
collections  (CPE  ■  4.0).  This  species  also  comprised  14.7%  of  the  total  weight 
of  the  catch.  White  suckers  were  active  in  the  upper  littoral  zone  both  at 
night  (CPE  ■  3.8)  and  during  the  day  (CPE  *  4.2;  Figure  40).  Catches  were  small 
in  the  spring  (CPE  -  1.3)  but  increased  during  the  summer  (CPE  *4.3)  and  fall 
(CPE  ■  4.4)  due  to  large  collections  of  young-of-the-year.  Individuals  less 
than  200  mm  in  length  accounted  for  80.2%  of  the  total  catch.  Large  individuals 
(>400  mm)  were  also  frequently  taken  and  accounted  for  18.7%  of  the  fish 
collected. 

Rock  bass  comprised  0.8%  of  the  total  Lake  George  trap  net  collections 
(CPE  ■  2.6).  Rock  bass  were  taken  in  greater  numbers  at  night  (CPE  ■  3.6) 
compared  to  day  (CPE  ■  1.5;  Figure  40).  Catches  of  rock  bass  were  small  during 
the  spring  (CPE  -0.3)  but  increased  in  the  summer  (CPE  ■  2.2)  and  fall 
(CPE  ■  3.9)  due  to  collection  of  young-of-the-year.  Of  the  rock  bass  aged, 

91.9%  were  age  0,  3.5%  were  age  I,  2.3%  were  age  II,  1.2%  were  age  IV,  and  1.2% 
were  age  VI. 

Ptnnpklnseeds  accounted  for  0.7%  of  the  total  Lake  George  trap  net  collec¬ 
tions  (CPE  ■  2.4).  More  pumpklnseeds  were  collected  during  the  day  (CPE  *  3.7) 
than  at  night  (CPE  *  1.1;  Figure  40).  Although  a  few  pumpkinseed  were  collected 
in  the  summer  (CPE  ■  0.7),  most  were  taken  in  the  fall  (CPE  ■  6.1).  Most  young- 
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of-the-year  puaipklnseed  were  collected  In  the  fall  and  overall  they  accounted 
for  86. 4Z  of  the  Individuals  sampled.  Larger  fish  up  to  age  VI  accounted  for 
the  rest  of  the  catch. 

Young-of-the-year  bluegill  accounted  for  0.5Z  of  the  total  Lake  George 
small  mesh  trap  net  collections  (CPE  -  1.5).  These  fish  were  collected  in  the 
littoral  zone  during  the  summer  (CPE  >  2.2)  and  fall  (CPE  -  1.0).  More  blue- 
gill  were  taken  at  night  (CPE  -  2.4)  than  during  the  day  (CPE  -  0.7;  Figure  40). 

Young-of-the-year  (92.7%)  and  adult  (7.2%)  smallmouth  bass  accounted  for 
0.5%  of  the  total  catch  (CPE  •  1.5).  Smallmouth  bass  were  taken  only  during 
the  summer  (CPE  -  2.7)  and  most  were  collected  during  the  day  (CPE  -  2.6; 

Figure  40) . 

Other  important  sport  fish  collected  occasionally  in  the  Lake  George  trap 
nets  Included  northern  pike  (CPE  -  0.8)  and  largemouth  bass  (CPE  ■  0.5).  All 
of  the  largemouth  bass  were  young-of-the-year.  Although  18.5%  of  the  northern 
pike  were  young-of-the-year,  moat  (81.5%)  were  age  III  or  older.  The  large 
northern  pike  were  apparently  feeding  on  the  forage  fishes  in  the  upper  littoral 
zone. 


Navigation  Course  5  vs.  Lake  George.  1981.  A  comparison  of  fish  populations 
in  an  upper  littoral  zone  adjacent  to  commercial  navigation  (Navigation  Course  5) 
and  an  upper  littoral  zone  removed  from  the  effects  of  commercial  navigation 
(Lake  George)  is  given  in  Table  29.  Collections  of  the  small  mesh  trap  nets 
documented  larger  numbers  and  greater  species  diversity  in  the  littoral  zone 
not  directly  exposed  to  the  effects  of  commercial  navigation.  This  trend  was 
most  apparent  for  forage  species.  Small  mesh  trap  net  collections  from  Lake 
George  (CPE  ■  326.9)  were  considerably  greater  than  collections  from  Navigation 
Course  5  (CPE  ■  68.7).  Thirty-five  species  of  fish  were  taken  in  Lake  George 
while  twenty-one  species  were  collected  in  Navigation  Course  5.  Of  19  species 
present  from  both  sites,  13  were  more  abundant  in  Lake  George,  three  were  more 
abundant  in  Course  5,  and  three  were  equally  abundant.  Of  the  Important  sport 
fish,  yellow  perch,  smallmouth  bacs,  largemouth  bass,  white  sucker,  and 
northern  pike  were  all  taken  in  greater  numbers  in  Lake  George  than  Navigation 
Course  5.  However,  brown  bullhead  and  bluegill  were  taken  in  much  higher 
numbers  in  the  navigation  course.  A  few  walleye  were  taken  in  Navigation 
Course  5  while  none  were  collected  in  Lake  George  (Table  29) . 

1980  vs.  1981  Comparisons.  The  total  number  of  fish  sampled  on  comparable 
dates  during  1981  in  Navigation  Course  5  was  29%  greater  than  in  1980  (Table  30) . 
Total  catch  was  also  larger  during  1981  in  Navigation  Courses  7  (20%)  and  9 
(169%)  (Tables  31  and  32). 

Variability  in  catches  of  individual  species  during  the  two  years  was 
considerable.  In  Navigation  Course  5  during  October  1980  the  most  abundant 
species  in  decreasing  order  of  importance  were  brown  bullhead,  white  sucker, 
yellow  perch,  bluegill  and  spottall  shiner.  In  1981  the  most  Important  species 
were  brown  bullhead,  pumpklnseed,  central  mudmlnnow,  white  sucker,  and  golden 
shiner  (Table  30) .  Seven  of  the  thirteen  species  taken  during  October  1980  were 
not  collected  during  October  1981. 
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Table  29.  Comparison  of  1981  catches  from  small  mesh  trap  nets  set  In  Navigation  Course  5  and  Lake 
George  (N  “  32,  Course  5;  N  ■  36,  Lake  George). 


Continued 


Table  30.  Comparison  of  1980  and  1981  catches  from  small  mesh  trap  nets  set  In  Navigation  Course 
during  October  (N  -  6,  1980;  N  ■  8,  1981) . 
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Table  31.  Comparison  of  1980  and  1981  catches  from  small  mesh  trap  nets  set  in  Navigation  Course 
during  August,  September  and  October  (N  =  6,  1980;  N  ■  11,  1981). 
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Table  31.  Concluded 
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Table  32.  Comparison  of  1980  and  1981  catches  from  small  mesh  trap  nets  set  In  Navigation  Course 
during  September  and  October  (N  =  4,  1980;  N  =  7,  1981) . 
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In  Navigation  Course  7  variability  was  also  considerable  (Table  31) .  In 
1980  the  most  important  species  were  sand  shiner,  blacknose  shiner,  yellow 
perch,  blueglll  and  white  sucker.  During  1981  the  most  Important  species  were 
white  sucker,  yellow  perch,  spottall  shiner^  bluntnose  minnow  and  common  shiner. 
Nine  of  the  twenty-six  species  taken  in  1981  were  not  collected  during  1980. 

Two  species  were  also  collected  in  1980  that  were  not  taken  during  1981. 

In  Navigation  Course  9  during  1980  the  most  abundant  species  were  blueglll, 
rock  bass,  white  sucker,  yellow  perch  and  mottled  sculpln.  During  1981  the 
most  abundant  fish  were  alewlfe,  emerald  shiner,  nlnesplne  stickleback,  yellow 
perch,  and  pumpklnseed.  Twenty-two  species  were  taken  during  1981  while  only 
12  species  were  taken  in  1980.  Four  of  the  fish  species  taken  during  1980 
were  not  collected  on  comparable  dates  in  1981  (Table  32) . 

Some  of  the  variability  within  species  Is  due  to  year  class  strength, 
because  a  significant  percentage  of  most  fish  species  in  the  upper  littoral 
zone  during  late  summer  and  fall  are  young-of-the-year .  Blueglll  and  rock 
bass  appeared  to  have  a  larger  year  class  in  1980  than  1981.  In  all  three 
navigation  courses  on  comparable  dates  they  were  collected  In  greater  numbers 
during  1980  (Tables  30  -  32).  Brown  bullhead,  pumpklnseed,  and  smallmouth  bass 
were  taken  in  greatest  numbers  during  1981  indicating  a  stronger  year  class 
than  1980  (Tables  30  -  32). 

More  than  one  year  class  of  most  cyprinids  Is  found  In  the  upper  littoral 
zone  and  consequently  a  strong  year  class  may  not  result  In  dramatic  variation 
in  collection  numbers.  Emerald  shiner  and  golden  shiner  populations  did  appear 
to  increase  in  1981.  Catches  of  other  species  Increased  at  some  locations 
while  decreasing  at  others. 

Trawls 


Navigation  Courses  5,  7  and  9,  1981.  A  total  of  5,997  fish  representing  28 
species  were  collected  In  30  trawl  samples  from  Navigation  Courses  5,  7  and  9 
during  1981.  Johnny  darters  were  most  abundant  overall  (Table  33)  and  occurred 
In  all  but  1  trawl  sample  (97%) .  Other  numerically  important  species  were 
nlnesplne  stickleback,  trout-perch,  yellow  perch,  spottall  shiner,  mottled 
sculpln,  mimic  shiner,  logperch,  white  sucker  and  smelt.  White  suckers 
were  most  Important  by  weight,  followed  by  rock  bass,  yellow  perch,  trout-perch 
and  northern  pike. 

A  comparison  of  catch  per  effort  (CPE)  by  station  and  depth  of  the  15  most 
abundant  species  is  presented  in  Figure  41.  Catch  per  effort  of  all  species 
combined  was  nearly  equal  at  Courses  7  and  9  while  CPE  at  Course  5  was 
approximately  half  that  at  other  stations.  Catch  in  the  deep  samples  was 
greater  than  in  the  shallow  areas  in  Courses  7  and  9,  but  the  opposite  was 
true  in  Course  5. 

Johnny  darters  were  present  in  all  but  one  sample  from  Navigation  Courses 
5,  7  and  9.  Catch  was  higher  in  Course  7  than  either  Courses  5  or  9  (a  <.002 
and  .02,  respectively;  Mann-Whltney  U  test).  Differences  between  shallow  and 
deep  areas  were  not  statistically  significant.  Johnny  darter  abundance 
increased  from  summer  to  fall  as  young— of— the— year  were  recruited  to  the  trawls. 
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Table  33.  Summary  of  all  trawl  collections  taken  during  May  through  October  at  Navigation  Courses 
5,  7  and  9  In  the  St.  Marys  River,  1981  (N  ■>  30), 
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Continued 


Table  33.  (Concluded) 


CATCH  PER  EFFORT 


LAKE  COURSE  COURSE  COURSE 

GEORGE  5  T  9 

Figure  41.  Catch  per  effort  of  major  species  taken  with  otter  trawl  in 
the  St.  Marys  River,  1981. 
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CATCH  PER  EFFORT 


0 


Spottail  Shintr 


Figure  41.  (Cent.) 


CATCH  PER  EFFORT 


Figure  Al.  (Cent.) 
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Nlnesplne  sticklebacks  occurred  in  every  tr^wl  sample  from  Course  7  and 
in  90Z  of  Che  samples  from  both  Course  5  and  Course  9.  Catch  per  effort  was 
significantly  less  in  Course  5  chan  in  either  Courses  7  and  9  (a  <.02  for  each; 
Mann-Whitney  U  Test) .  Abundance  was  consistently  higher  in  the  deep  as  compared 
to  the  shallow  areas  of  Course  7,  but  neither  Course  5  nor  Course  9  displayed 
such  a  trend.  Catch  fluctuated  seasonally  and  no  trends  were  apparent. 

Trout-perch  were  observed  in  60Z  of  the  Course  5  trawl  samples,  80%  of 
the  Course  7  samples  and  90%  of  the  samples  from  Course  9.  Catch  per  effort 
was  greater  at  Course  9  than  either  Course  5  or  Course  7,  chough  the  difference 
was  significant  only  at  a  <0.10  (Mann-WhiCney  U  Test).  Catch  was  highest  in  the 
deep  areas  of  Courses  7  and  9  on  all  but  one  sample  date.  Depth  of  greatest 
abundance  of  trout-perch  fluctuated  in  Course  5,  however.  Peak  abundance  of 
trout-perch  in  trawls  occurred  in  early  sunner  at  each  station  with  a  second, 
smaller  peak  apparent  in  Course  9  in  September,  which  probably  represented 
recruitment  of  young-of-the-year  to  the  crawls. 

Yellow  perch  was  the  only  species  of  siajor  coamercial  Importance  captured 
consistently  in  the  trawl  samples.  Perch  were  present  in  only  50%  of  the 
Course  5  samples  but  occurred  in  90%  of  the  Course  7  and  100%  of  the  Course  9 
Crawl  samples.  Comparison  of  catch  between  stations  also  showed  that  abundance 
was  lower  in  Course  5  than  either  Course  7  or  Course  9  (a  <.0S  and  a  <0.10, 
respectively;  Mann-Whltney  U  Test).  Overall  CPE  was  greater  in  Che  shallow  as 
compared  with  the  deep  samples  at  each  station,  chough  this  varied  from  date  to 
date.  Peak  CPE  of  yellow  perch  occurred  in  the  summer.  The  yellow  perch 
captured  by  trawls  from  Courses  5,  7  and  9  ranged  in  total  length  (TL)  from 
32  mm  to  250  non.  Approximately  12%  exceeded  150  nm  (6").  Perch  taken  from 
Course  5  were  generally  smaller  chan  those  from  the  other  stations  and 
apparently  fewer  adults  were  present  there.  Young-of-the-year  began  to  be 
recruited  to  the  trawls  during  late  summer  and  were  present  in  all  areas 
sampled. 

Overall,  spottall  shiners  were  the  most  abundant  cyprlnid,  although  they 
were  second  to  the  mimic  shiner  in  Course  9.  SpoCCalls  were  present  in  60% 
of  Che  trawls  in  Course  5  and  in  90%  of  both  Course  7  and  Course  9  samples. 

Catch  per  effort  of  spottall  shiners  was  similar  in  Courses  5,  7  and  9.  Overall 
CPE  was  highest  in  Che  shallow  samples  at  all  three  stations,  but  data  from  the 
individual  sample  daces  did  not  display  this  consistently.  Peak  CPE  in  Courses 
7  and  9  occurred  in  late  summer,  while  the  catch  in  Course  5  was  greatest  in 
lace  spring  and  declined  thereafter.  Both  young-of-the-year  and  adult  spottall 
shiners  were  represented  in  the  Crawl  samples.  The  overall  range  of  total 
lengths  was  23  -  110  nn.  Young-of-the-year  were  not  recruited  until  early  fall, 
while  adults  were  captured  consistently  through  all  seasons.  However,  spottall 
shiners  greater  than  50  om  were  not  captured  in  Course  7  until  late  summer,  and 
Chose  captured  in  Course  7  were  smaller  Chan  spottails  from  Courses  5  and  9 
through  the  spring  and  summer. 

Mottled  sculpins  were  present  in  50%  of  the  trawl  samples  in  Courses  5 
and  9  and  occurred  in  70%  of  the  Course  7  samples.  Abundance  was  highest  in 
Course  5  and  lowest  in  Course  9  but  differences  were  not  statistically  sig¬ 
nificant.  Overall  CPE  was  highest  in  the  deep  samples  from  Courses  5  and  7, 
but  CPE  from  the  shallow  area  was  greater  than  in  the  deep  in  Course  9.  These 
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trends  were  not  consistent  between  sample  dates  however.  Peak  catches  occurred 
in  late  spring  in  Courses  5  and  7  but  not  until  late  summer  in  Course  9. 

Mimic  shiners  occurred  in  only  30Z  of  the  trawl  samples  in  each  of 
Courses  5,  7  and  9,  but  they  were  the  most  abundant  cyprinid  in  Course  9. 

Catch  per  effort  of  mimic  shiners  was  much  greater  in  Course  9  than  either 
Course  5  or  7,  but  the  difference  was  not  significant  since  the  high  value  in 
Course  9  was  caused  by  only  one  large  sample.  No  consistent  differences 
between  shallow  and  deep  catches  were  apparent.  This  species  was  captured 
relatively  Infrequently  and  seasonal  trends  were  difficult  to  discern. 

Logperch  were  captured  frequently  in  the  trawls,  occurring  in  80%  of  the 
samples  from  Course  5,  90%  of  those  from  Course  7  and  70%  of  the  Course  9 
samples.  Catch  per  effort  of  logperch  was  approximately  equal  at  all  three 
stations  and  was  greatest  in  the  shallow  areas  at  all  three  sites.  Catches 
fluctuated  through  the  sampling  season  and  no  seasonal  trends  were  apparent. 

White  suckers  were  the  most  important  species  by  weight  and  were  captured 
in  some  80%  of  the  samples  taken  in  Courses  5,  7  and  9.  The  catch  was 
significantly  greater  in  Course  7  than  either  Course  5  or  9  (a  <.05  in  both 
cases;  Mann-Whltney  U  Test).  Peak  CPE  occurred  in  early  summer  at  each  station. 
White  sucker  specimens  ranged  in  length  from  33  to  483  mm  TL,  and  Included 
young-of-the-year  and  mature  adults.  Young-of-the-year  were  first  captured  by 
trawl  in  late  summer  and  continued  to  grow  into  recrultable  size  through  fall. 
Nearly  20%  of  the  white  suckers  captured  were  over  150  mm  (6")  in  total  length 
and  13%  were  greater  than  300  mm  (12").  Apparently  the  trawl  sampled  all  length 
classes  adequately.  No  consistent  differences  were  noted  in  abundance  distri¬ 
bution  by  depth. 

Smelt  were  captured  with  nearly  the  same  frequency  in  Course  9  (90%  of 
samples)  and  Course  7  (80%)  but  were  taken  in  only  40%  of  the  samples  in  Course 
5.  Abundance  of  smelt  in  Course  5  was  significantly  less  (a  <.02;  Mann-Whitney 
U  Test)  than  the  abundance  at  Courses  7  and  9,  while  no  difference  between 
Courses  7  and  9  was  demonstrated.  Depth  distribution  varied  between  stations 
and  no  consistent  pattern  was  apparent.  Greatest  catches  occurred  in  early 
summer  and  a  second  peak  occurred  in  early  fall  in  Course  7  as  young-of-the-year 
became  susceptible  to  the  trawl.  The  overall  length  range  of  smelt  captured 
was  24  -  160  mm  TL  with  the  average  total  length  being  73  mm.  No  difference 
in  length  distribution  between  stations  could  be  determined. 

Brook  stickleback  were  captured  in  80%  of  the  trawls  in  Course  9,  70%  in 
Course  7  and  only  40%  of  the  samples  in  Course  5.  Abundance  was  significantly 
lower  in  Course  5  than  in  either  Courses  7  or  9  (a  <.05;  Mann-Whitney  U  Test). 
Brook  stickleback  were  consistently  more  abundant  in  the  deep  samples  from 
Course  7  as  compared  to  the  shallow  areas,  but  no  such  trends  were  noted  in 
Courses  5  or  9.  Seasonal  peak  catches  varied  by  station  with  the  highest  catch 
in  Course  7  occurring  in  the  spring  and  the  peak  abundance  in  Course  9  occurring 
in  late  summer. 

Catch  per  effort  for  rock  bass  was  higher  in  Course  5  than  in  Course  7 
(a  <.02;  Mann-Whitney  U  Test)  but  no  other  significant  differences  were 
observed  between  stations.  Rot.k  bass  were  captured  in  60%  of  the  Course  5 


trawl  sanplest  80%  of  the  Course  9  samples*  but  were  present  in  only  30%  of  the 
samples  from  Course  7.  Overall  CPE  was  slightly  higher  in  the  deep  than  in  the 
shallow  areas  but  depth  distribution  varied  by  date.  Few  rock  bass  were  caught 
in  trawls  early  in  the  sampling  season.  Peak  abundance  occurred  in  late  summer 
and  early  fall.  Approximately  37%  of  the  rock  bass  captured  were  young-of-the- 
year  and  31%  were  adults  over  150  mm  (6")  TL.  Specimens  captured  in  Course  7 
during  the  fall  were  all  young-of-the-year  while  samples  from  Courses  5  and  9 
contained  mixed  ages. 

Slimy  sculpins  were  captured  in  only  40%  of  the  trawls  at  each  of  Courses 
5*  7  and  9.  No  differences  in  abundance  between  courses  were  statistically 
significant.  Slimy  sculpins  were  consistently  caught  in  greatest  numbers  in 
the  deep  trawl  samples  and  all  were  captured  in  the  late  summer  and  early 
fall.  Yoimg-of-the-year  represented  approximately  15%  of  the  catch  and  the 
largest  adult  captured  measured  100  mm  (4")  In  total  length. 

Common  shiners  were  captured  infrequently  in  Courses  5,  7  and  9,  occurring 
in  23%  of  the  trawl  samples.  Over  80%  of  the  common  shiners  caught  were  from 
Course  9  but  no  significant  differences  could  be  shown  due  to  the  infrequent 
occurrence.  Most  specimens  were  in  the  deep  areas  and  all  were  taken  in  late 
summer  and  early  fall. 

Iowa  darters  were  captured  regularly  throughout  the  sampling  period 
though  only  rarely  in  substantial  numbers.  They  were  present  in  30%  of  the 
Course  5  samples,  60%  of  the  Course  7  samples  and  40%  of  the  trawl  samples  from 
Course  9.  No  significant  differences  between  stations  were  noted,  and  no 
consistent  trends  in  depth  distribution  were  observed.  Approximately  26%  of 
the  late  summer  and  early  fall  catch  of  Iowa  darters  were  young-of-the-year  fish 
(20  -  30  mm  TL) . 

Fish  of  importance  to  the  local  sports  fishery  that  were  rare  in  the 
Course  5,  7  and  9  trawl  samples  included  northern  pike,  brown  bullhead,  walleye, 
cisco,  smallmouth  bass  and  three  species  of  panfish  (bluegill,  black  crappie  and 
pumpkinseed)  (Table  33).  No  northern  pike  were  captured  in  Course  5  or  Course  7, 
but  60%  of  the  Course  9  trawl  samples  contained  this  species.  The  northern  pike 
were  captured  at  Course  9  in  small  numbers  throughout  the  season.  All  were 
mature  adults  and  ranged  from  288  to  454  mm  TL.  Brown  bullheads  were  not 
captured  in  Course  7  or  9,  but  occurred  in  30%  of  the  Course  5  samples.  All 
were  mature  and  fell  in  the  narrow  length  range  of  204  -  232  mm  TL.  The 

walleye  were  captured  in  Courses  7  and  9  during  August.  All  were  mature  and 

ranged  from  254  to  451  mm  TL.  One  cisco  was  captured  by  trawl  in  a  June 

sample  from  Course  7.  That  individual  was  a  mature  male  265  mm  in  total  length. 

One  smallmouth  bass  was  captured  during  August  at  Course  5.  That  individual 
was  an  immature  young-of-the-year  fish  55  mm  TL.  Three  bluegills  captured  in 
one  sample  from  Course  9  in  August  were  young-of-the-year  (30  -  34  mm  TL) .  Two 
black  crappies  and  two  pumpkinseeds  were  taken  from  Course  9  in  two  trawl 
samples.  Both  of  the  black  crappies  were  immature  yearlings  (62  and  67  mni  TL) 
while  one  pumpkinseed  was  a  mature  female  (201  tmn  TL)  and  the  other  an 
immature  yearling  (65  mm  TL) .  The  fact  that  these  game  species  were  merely 
incidental  to  the  total  catch  may  be  due  in  part  to  avoidance  of  the  trawl 
gear.  However,  these  species  tend  to  prefer  shallower,  weedy  areas  that  were 
not  sampled  by  the  trawl . 
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Lake  George.  1981.  A  total  of  3»234  fish  representing  23  species  were 
collected  in  10  trawl  samples  from  Lake  George.  Trout-perch  was  most  abundant 
overall  (Table  34)  occurring  in  90Z  of  the  samples.  Spottail  shiner  was  next 
in  abundance  numerically  occurring  in  all  Lake  George  trawl  samples.  Other 
numerically  important  species,  in  order  of  abundance  (with  respective  frequency 
occurrence)  were  yellow  perch  (90Z),  johnny  darter  (90%),  common  shiner  (40%), 
white  sucker  (100%),  logperch  (70%),  smelt  (80%),  nlnesplne  stickleback  (60%), 
rock  bass  (50%),  Iowa  darter  (60%),  brook  stickleback  (40%),  slimy  sculpln  (30%), 
settled  sculpln  (50%)  and  bluntnose  mlimow  (20%) .  White  sucker  was  most 
important  by  weight,  followed  by  trout-perch,  yellow  perch,  northern  pike  and 
rock  bass. 

A  comparison  of  CPE  at  deep  and  shallow  stations  of  15  abundant  species 
is  presented  in  Figure  41.  Overall,  more  specimens  were  taken  in  the  deep  near¬ 
channel  area  compared  to  ':he  shallow  nearshore  area  of  Lake  George. 

Of  the  forage  fish,  trout-perch,  spottail  shiner,  smelt  and  common  shiner 
were  much  more  abundant  at  the  deep  station,  although  only  trout-perch  were 
caught  in  consistently  higher  numbers  there.  Catch  per  effort  of  Johnny 
darters  and  Iowa  darters  was  consistently  greatest  in  the  nearshore  area. 

Brook  stickleback  occurred  in  shallow  samples  only.  Distributional  differences 
were  not  apparent  for  other  forage  species. 

Yellow  perch,  smelt,  white  suckers,  and  rock  bass  were  the  only  species 
of  direct  Interest  to  sport  fishing  that  occurred  with  regularity.  Both  the 
yellow  perch  and  rock  bass  were  more  abundant  In  the  shallow,  nearshore 
samples  and  were  captured  in  greater  numbers  there  consistently.  Smelt  were 
more  abundant  In  the  deep  samples.  White  suckers  did  not  display  any  consistent 
depth  preference. 

Approximately  8%  of  the  yellow  perch  were  over  150  mm  (6")  in  total 
length.  Mean  length  by  date  declined  from  May  to  a  low  of  78  mm  in  September, 
paralleling  the  Influx  of  young-of-the-year  perch  into  the  samples.  The  mean 
length  of  yellow  perch  in  the  October  sample  Increased  to  88  mm  reflecting  the 
growth  of  the  1981  year  class.  Peak  CPE  occurred  in  early  fall  as  the  young- 
of-the-year  were  recruited  into  the  S2unples. 

The  average  length  of  smelt  displayed  a  pattern  similar  to  the  yellow 
perch  with  a  peak  In  May  and  a  decline  to  a  low  In  late  summer  (August) . 

Again,  this  was  due  to  recruitment  of  young-of-the-year  to  the  trawl.  Although 
smelt  were  captured  quite  regularly,  CPE  was  never  high  and  peaked  in  late 
summer  at  17  fish  per  sample. 

About  20%  of  the  rock  bass  captured  by  trawling  in  Lake  George  were  over 
150  mm  (6")  .  The  average  total  length  was  87  mm,  with  a  range  of  25  to  262  mm. 
Most  rock  bass  were  captured  In  the  late  Summer  and  early  fall  and  over  half 
were  young-of-the-year. 

Catch  per  effort  of  white  suckers  in  Lake  George  peaked  in  the  spring  and 
again  in  early  fall.  Approximately  50%  of  the  spring  sample  was  made  up  of 
yearling  fish  (53  -  94  mm  TL)  and  about  17%  were  mature  adults.  The  remainder 
of  the  spring  specimens  were  a  mix  of  yearlings  and  2  year  old  fish  (108  -  200 
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Table  34.  Suimnary  of  all  trawl  collections  taken  during  May  through  October  In  Lake  George 
1981  (N  -  10). 
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■m  TL) .  Toung-of-the-year  made  up  97Z  of  the  catch  of  white  suckers  In  the 
late  sunnier  and  early  fall  samples.  Over  50Z  of  the  white  suckers  in  the 
October  sample  were  over  300  mm  TL  ( 12") . 

Species  of  importance  to  sport  and  commercial  fisheries  that  were 
Incidental  in  Lake  George  trawl  sa]iq;>les  Included  northern  pike,  pumpklnseed, 
brown  bullhead,  black  crapple,  smallmouth  bass  and  walleye  (Table  34).  Northern 
pike  were  the  most  frequently  captured  of  these  and  were  present  in  samples  from 
three; dates.  Total  lengths  of  northern  pike  averaged  353  mm  and  ranged  from 
272  to  503  mm.  The  pumpklnseeds  were  captured  on  one  date  (October  13)  and 
were  young-of-the-year.  Both  brown  bullheads  were  captured  on  the  same  dace 
and  were  mature  adults  (251  mm  and  355  mm  TL) .  Only  one  each  of  black 
crappie,  smallmouth  bass  and  walleye  were  captured  in  Lake  George  crawls.  The 
black  crapple  and  smallmouth  bass  were  young-of-the-year  captured  in  October 
and  August,  respectively.  The  walleye  was  captured  in  September  and  was  a 
mature  adult  (212  mm  TL) . 

Navigation  Course  5  vs.  Lake  George.  1981.  Trawl  samples  in  Course  5 
captured  fewer  species  and  fewer  numbers  of  fish  than  those  in  Lake  George 
(Table  35).  A  total  of  1,028  fish  representing  20  species  were  observed  in 
Course  5  trawls.  One  species,  emerald  shiner,  was  captured  in  Course  5  that 
was  not  observed  in  Lake  George,  while  five  species  were  collected  in  Lake 
George  but  not  in  Course  5.  Overall  CPE  in  Lake  George  was  more  than  three 
times  higher  than  at  Course  5.  As  can  be  seen  in  Table  35  and  Figure  37, 
major  differences  between  the  two  stations  occurred  in  the  total  number  and 
percent  composition  of  several  species.  Mottled  sculpins  were  much  more 
Important  in  the  Course  5  samples  than  in  Lake  George.  Kock  bass,  slimy 
sculpins,  brown  bullheads  and  mimic  shiners  were  each  at  least  twice  as 
abundant  in  samples  from  Course  5.  Conversely,  trout-perch,  johnny  darters, 
spottall  shiners,  white  suckers,  yellow  perch,  smelt,  Iowa  darter,  brook 
stickleback,  bluntnose  minnows  and  common  shiners  were  much  more  abundant  in 
Lake  George. 

Sampling  station  differences  in  average  lengths  were  apparent  for  several 
key  species.  The  range  of  lengths  of  yellow  perch  was  much  wider  in  Lake 
George  (45  -  260  mm  TL)  than  in  Course  5  (32  -  165  mm  TL) ,  although  this 
may  have  been  a  function  of  the  larger  population  in  the  Lake  George  area. 
Approximately  95%  of  the  yellow  perch  in  Course  5  were  young-of-the-year  and 
yearlings  while  only  about  80%  of  the  Lake  George  yellow  perch  were  in  this 
group.  The  few  smelt  captured  by  trawl  in  Course  5  were  mature  adults  (136  - 
160  mm  TL)  while  the  specimens  captured  in  Lake  George  ranged  from  young-of- 
the-year  to  adults  (27  -  171  mm  TL) .  The  white  sucker  populations  in  the  two 
areas  displayed  similar  length  ranges  even  though  CPE  was  much  higher  in  Lake 
George.  The  length  range  and  average  lengths  of  rock  bass  captured  in  Course 
5  and  Lake  George  were  nearly  equal,  with  a  mean  of  87  mm  and  overall  range  of 
21  to  261  mm  TL.  All  of  the  brown  bullheads  trawled  in  both  areas  were  mature 
adults  and  no  difference  in  lengths  was  apparent.  Further  comparisons  of 
populations  of  Important  species  from  the  two  areas  awaits  completion  of  age 
analysis. 

1980  vs.  1981  Comparisons.  Summer  catch  data  from  Navigation  Courses  7 
and  9  were  used  to  compare  1980  and  1981  trawl  samples  (Table  36).  Summer 
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Table  35.  Comparison  of  the  total  number  and  percentage  composition  of  fish 
species  taken  with  trawls  In  Navigation  Course  5  (n  ■■  10)  and  Lake 
George  (n  ■  10)  of  the  St.  Mary*s  River  during  1981. 


Navigation  Course  5  Lake  George 


Species 

Total 

Number 

Percent  of 
Total 
Number 

Total 

Number 

Percent  of 
Total 
Number 

Mottled  sculp in 

217 

21.1 

12 

0.4 

Trout-perch 

166 

16.2 

.  1172 

36.2 

Johnny  darter 

162 

15.8 

323 

10.0 

Logperch 

104 

10.1 

63 

2.0 

Spottall  shiner 

89 

8.7 

617 

19.1 

Rock  bass 

80 

7.8 

43 

1.3 

Slimy  sculpln 

58 

5.6 

24 

0.7 

White  sucker 

36 

3.5 

124 

3.8 

Nlnesplne  stickleback 

36 

3.5 

52 

1.6 

Yellow  perch 

29 

2.8 

505 

15.6 

Smelt 

10 

1.0 

56 

1.7 

Brown  bullhead 

10 

1.0 

2 

0.1 

Iowa  darter 

8 

0.8 

39 

1.2 

Brook  stickleback 

7 

0.7 

34 

1.0 

Mimic  shiner 

5 

0.5 

1 

<0.1 

Bluntnose  minnow 

4 

0.4 

12 

0.4 

Emerald  shiner 

3 

0.3 

0 

0 

Common  shiner 

2 

0.2 

141 

4.4 

Smallmouth  bass 

1 

0.1 

1 

<0.1 

Notropls  spp 

1 

0.1 

0 

0 

Northern  pike 

0 

0 

6 

0.2 

Shorthead  redhorse 

0 

0 

3 

0.1 

Pumpklnseed 

0 

0 

2 

0.1 

Black  crapple 

0 

0 

1 

<0.1 

Walleye 

0 

0 

1 

<0.1 

Totals 

1028 

100.0 

3234 

100.0 
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Table  36.  Comparison  of  1980  and  1981  trawl  catch  data  taken  during  summer  from 
Navigation  Courses  7  and  9»  St.  Mary's  iLiver. 


1980 

(n-8) 

1981 

(n-12) 

Species 

Total 

Number 

Percent 
of  Total 
Number 

Catch 

Per 

Effort 

Total 
..  Number 

Percent 
of  Total 
Number 

Catch 

Per 

Effort 

Trout-perch 

631 

27.4 

78 

333 

10.8 

28 

Spot tail  shiner 

431 

18.7 

54 

231 

7.5 

4 

Johnny  darter 

334 

14.5 

42 

543 

17.5 

45 

Mottled  sculpln 

211 

9.2 

26 

75 

2.4 

6 

Yellow  perch 

161 

7.0 

20 

416 

13.4 

35 

White  sucker 

151 

6.6 

19 

184 

5.9 

15 

Mimic  shiner 

110 

4.8  ' 

14 

52 

1.7 

4 

Brook  stickleback 

80 

3.5 

10 

133 

4.3 

11 

Mlnesplne  stickleback 

60 

2.6 

8 

443 

14.3 

37 

Rainbow  smelt 

50 

2.2 

6 

197 

6.4 

16 

Logperch 

35 

1.5 

4 

200 

6.5 

17 

Sand  shiner 

9 

0.4 

1 

50 

1.6 

4 

Rock  bass 

7 

0.3 

1 

42 

1.4 

4 

Walleye 

7 

0.3 

1 

4 

0.1 

0.3 

Emerald  shiner 

6 

0.3 

1 

0 

0 

0 

Blacknose  shiner 

5 

0.2 

1 

0 

0 

0 

Common  shiner 

4 

0.2 

0.5 

55 

1.8 

5 

Iowa  darter 

4 

0.2 

0.5 

52 

1.7 

4 

Northern  pike 

3 

0.1 

0.5 

6 

0.2 

0.5 

Smallmouth  bass 

2 

0.1 

0.2 

0 

0 

0 

Brown  bullhead 

1 

<0.1 

0.1 

0 

0 

0 

Slimy  sculpln 

0 

0 

0 

69 

2.2 

6 

Bltmtnose  minnow 

0 

0 

0 

5 

0.2 

0.4 

Bluegill 

0 

0 

0 

3 

0.1 

0.2 

Black  crapple 

0 

0 

0 

1 

<0.1 

0.1 

Pumpklnseed 

0 

0 

0 

1 

<0.1 

0.1 

Cisco 

0 

0 

'  0 

1 

<0.1 

0.1 

Total 

2302 

100.0 

288 

3096 

100.0 

258 
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sanples  were  taken  in  July  and  August  of  1980  and  in  June  and  August  of  1981. 

A  total  of  8  sanples  were  taken  In  1980  and  12  were  taken  in  1981.  Data  from 

1979  trawls  were  not  directly  comparable  since  samples  were  taken  during 
daylight  In  that  year. 

The  fish  community  represented  in  the  trawl  sanples  from  Courses  7  and  9 
changed  substantially  in  1981  as  compared  to  1980  (Table  36) .  Seven  of  the  ten 
most  abundant  species  present  in  1980  trawls  exhibited  a  change  in  CPE  by  a 
minimum  of  75%.  Catch  per  effort  of  trout-perch,  spottail  shiner,  mottled 
sculpln,  and  mimic  shiner  decreased  strongly  from  1980  to  1981.  None  of  the 
declines  were  significant  statistically,  however  (Mann-Whltney  U  Test),  which 
can  be  explained  in  part  by  the  presence  of  one  or  two  large  outlying  samples 
in  the  1980  data.  Yellow  perch  CPE  Increased  by  75%  though  the  change  was  not 
statistically  significant  because  of  high  catch  variability.  Catch  per  effort 
of  smelt,  nlnesplne  sticklebacks  and  logperch  Increased  significantly  in  1981 
(a  <.05,  Mann-Whitney  U  Test).  Catch  per  effort  for  all  species  combined 
declined  by  about  10%. 

Relative  abundances  of  the  major  species  changed  from  the  1980  to  the 
1981  samples  (Figure  42) .  Community  comparisons  using  percent  of  total  numbers 
caught  can  sometimes  be  biased  due  to  the  random  capture  of  large  numbers  of  a 
particular  species,  but  this  was  apparently  not  the  case  with  the  data  under 
discussion.  The  total  number  of  fish  captured  by  trawl  in  each  year  was  not 
significantly  different  (Mann-Whitney  U  Test) ,  therefore  the  bias  is  not 
important.  In  1980,  trout-perch,  spottail  shiners  and  johnny  darters  each 
comprised  over  10%  of  the  catch  by  numbers  and  together  made  up  over  60%  of  the 
total  number  of  fish  caught.  The  order  of  importance  in  1981  changed  to 
johnny  darters,  nlnesplne  stickleback,  yellow  perch  and  trout-perch,  respec¬ 
tively,  and  these  species  comprised  56%  of  the  total  number.  Spottail 
shiners,  white  sucker,  smelt,  and  logperch  made  up  another  26%  of  the  total 
catch  in  the  summer  of  1981.  In  general,  the  fish  community  apparently  changed 
from  one  dominated  by  trout-perch  in  1980  to  a  somewhat  more  balanced  community 
in  1981. 

Length  data  of  several  fish  species  taken  from  Courses  7  and  9  during 
August  of  1980  and  1981  were  analyzed  and  three  important  species  displayed 
a  change  in  mean  length  between  years.  The  mean  length  of  yellow  perch  in  1981 
was  significantly  less  than  in  1980  (a  <.01,  t-test) .  Over  62%  of  the  yellow 
perch  taken  in  August  1980  were  less  than  60  mm  XL  (young-of-the-year)  while 
only  4%  of  those  from  1981  were  so.  Young-of-the-year  yellow  perch  were  never 
abundant  in  the  1981  trawl  samples.  Trout-perch  mean  length  was  lower  in  1980 
than  in  1981  (a  <.001)  due  to  a  high  abundance  of  young-of-the-year  in  1980. 

Over  65%  of  the  trout-perch  taken  in  August  1980  were  40  mm  or  less  in  total 
length  as  compared  to  only  2%  in  1981.  No  other  young-of-the-year  trout-perch 
were  observed  in  1981.  More  young-of-theryear  spottail  shiners  were  captured  in 

1980  than  in  1981.  Over  15%  of  the  spottails  taken  in  August  1980  were  less 
than  40  mm,  while  no  young-of-the-year  were  captured  in  August  1981.  Approxi¬ 
mately  10%  of  the  spottail  shiners  observed  in  September  of  1981  were  young-of- 
the-year  (less  than  40  mm  TL)  as  compared  to  nearly  60%  in  September  of  1980. 
These  differences  led  to  a  significant  difference  in  mean  total  length  between 
the  samples  from  the  two  years  (a  <.001,  t-test).  Length  data  from  August  for 
johnny  darters,  rainbow  smelt,  nlnesplne  sticklebacks  and  white  suckers  were 
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analyzed  and  no  annual  differences  were  observed.  Means  and  length  ranges  were 
nearly  equal  for  the  johnny  darter,  smelt  and  ninespine  stickleback  while  the 
white  sucker  catch  displayed  such  high  variability  that  no  difference  could  be 
shown.  Length  comparisons  using  other,  commercially  Important  species  were  not 
possible  since  capture  of  those  species  was  mostly  incidental,  thus  sample 
sizes  were  too  small. 


PHYSICAL  AND  CHEMICAL  ASPECTS 

Water  Chemistry,  Temperature  and  Turbidity 

Water  Temperature.  Water  temperatures  at  all  study  sites  remained  around 
0°C  during  winter,  began  rising  in  May,  and  reached  maximum  values  of  19  -  24°C 
in  late  summer  (Table  37).  Temperatures  at  all  sites  returned  to  near-freezing, 
by  late  November.  Annual  temperature  regimens  were  nearly  identical  in  Course  5 
and  Middle  Neeblsh  Channel,  with  maximum  values  occurring  in  August.  The  study 
sites  in  Lake  George,  however,  experienced  higher  maximum  temperatures  that 
extended  further  into  the  season  (circa  5  September). 

Summer  and  spring  water  temperatures  in  nearshore  areas  were  higher  than 
offshore  areas  when  compared  at  all  sites  (Table  37) .  Conversely,  offshore 
areas  demonstrated  higher  average  temperatures  than  did  inshore  areas  in  fall. 
Lake  George  was  warmer  than  the  other  sites  at  both  depths  in  spring  and 
summer,  but  all  sites  had  similar  temperatures  in  fall. 

Dissolved  Oxygen.  Dissolved  oxygen  content  generally  remained  fairly 
constant  at  all  sites  during  all  seasons  reported  (Table  38) .  Nearshore  and 
offshore  values  were  comparable  in  most  cases,  except  for  Course  5  during 
summer  which  experienced  the  lowest  dissolved  oxygen  concentrations  nearshore. 

Of  the  total  298  dissolved  oxygen  measurements,  only  four  were  less  than  70 
percent  saturation. 

Turbidity.  Average  turbidity  values  were  the  greatest  during  fall  at  all 
sites  (Table  39)  while  winter  turbidity  values  were  the  lowest.  With  two 
exceptions,  nearshore  areas  were  more  turbid  than  offshore  areas  at  all  sites 
during  all  seasons.  Lake  George  experienced  higher  turbidities  than  the  other 
sites  for  all  seasons. 

Dissolved  Solids.  Dissolved  solids  content  remained  the  most  constant 
water  quality  parameter  at  all  sites  (Table  40).  Only  3  percent  of  the  dissolved 
solids  measurements  were  outside  the  50  -  80  ppm  (mg/1)  range  for  the  year. 

pH.  pH  values  were  the  least  variable  at  all  sites  during  spring  (Table 
41) .  Summer  offshore  pH  values  at  all  sites  ranged  towards  more  basic 
conditions  while  fall  offshore  pH  values  at  all  sites  ranged  towards  more 
acidic  conditions.  No  major  differences  between  sites  occurred. 

Winter  Sedimentation  Rates 


Average  amounts  of  sediment  collected  at  each  station  are  presented  in 
Table  42.  Sediment  samplers  at  a  third  station  in  Lake  Nicolet  were  not 
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Table  39.  Ranges  and  means  of  turbidity  measurements  taken  at  nearshore  and  offshore  sites  In 
Navigation  Courses  5,  7  and  9,  and  Lake  George,  St.  Marys  River,  1981.  (Units  «  ppm) 
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Table  40.  Weekly  ranges  of  dissolved  solids  measurements  from  Navigation 
Courses  5,  7  and  9,  and  Lake  George,  St.  Marys  River,  1981. 


Date 

Course 

5 

Lake 

George 

Courses 

7  and  9 

4/5  -  4/11 

4/12  -  4/18 

60  -  65 

60 

55  -  65 

4/19  -  4/25 

55  -  65 

— 

60  -  62 

4/26  -  5/2 

61  -  63 

61 

64  -  67 

5/3  -  5/9 

57  -  65 

60  -  74 

60 

5/10  -  5/16 

64  -  67 

64  -  65 

59  -  65 

5/17  -  5/23 

59  -  63 

59  -  63 

59  -  65 

5/24  -  5/30 

58 

57  -  59 

56  -  58 

5/31  -  6/6 

58  -  61 

55  -  59 

58  -  61 

6/7  -  6/13 

52  -  58 

51  -  60 

55  -  59 

6/14  -  6/20 

55 

111 

55 

6/21  -  6/27 

56  -  60 

56  -  61 

51  -  60 

6/28  -  7/4 

60 

41  -  65 

55  -  60 

7/5  -  7/11 

55  -  62 

56  -  65 

60  -  70 

7/12  -  7/18 

— 

— 

51  -  58 

7/19  -  7/25 

55  -  57 

56  -  62 

52  -  64 

7/26  -  8/1 

57 

59  -  68 

— 

8/2  -  8/8 

53  -150 

60  -  63 

52  -175 

8/9  -  8/15 

51  -  76 

65  -  79 

— 

8/16  -  8/22 

60  -  68 

61  -  64 

55  -  61 

8/23  -  8/29 

55  -  61 

58  -  62 

52  -  62 

8/30  -  9/5 

63 

61  -  72 

60  -  65 

9/6  -  9/12 

55-61 

53  -  59 

51  -  58 

9/13  -  9/19 

55  -  59 

68  -  69 

50  -  61 

9/20  -  9/26 

54  -  60 

62 

54  -  80 

9/27  -  10/3 

55  -  58 

58  -  69 

52  -  60 

10/4  -  10/10 

53  -  65 

57  -  62 

— 

Continued 


Table  40.  (Concluded) 


'  Date 

Course 

5 

Lake 

George 

Courses 

7  and  9 

10/11  -  10/17 

55 

56 

52  -  65 

10/18  -  10/24 

49  -  142 

69  -  70 

— 

10/25  -  10/31 

62  -  65 

22  -  112 

— 

11/1  -  11/7 

— 

— 

62  -  158 

11/8  -  11/14 

70  -  121 

132  -  138 

— 

11/15  -  11/21 

11/22  -  11/28 

11/29  -  12/5 

58  -  61 

53  -  55 

62  -  71 
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Table  41.  Ranges  of  pH  measurements  taken  at  nearshore  and  offshore  sites  In  Navigation  Courses 
and  9,  and  Lake  George,  St.  Marys  River,  1981. 
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Table  42.  Sediment  accumulation  rates  In  sediment  traps  placed  In  the  St.  Marys  River  during  winter,  1981, 
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Inorganic  fraction  (Z)  100.0  99.3  97.3  97.7  87.3  98.5  -  95.7 


recovered  because  of  loss  of  the  station  starker  due  to  Ice  nelt.  Station  2  in 
Lake  George  was  unaccessible  for  the  second  series  due  to  an  unusually  early 
warning  period  creating  treacherous  Ice  conditions. 

The  sedlsientation  rate  In  Lake  George  was  nuch  higher  than  in  either  Lake 
Nlcolet  or  Course  7  (Table  42) .  Although  no  turbidity  neasurements  were  taken 
during  the  %rinter  in  Lake  George  for  comparison  to  the  other  areas,  the  west 
shore  of  Lake  George  near  the  sediment  trap  stations  was  visually  such  more 
turbid  than  either  Course  7  or  Lake  Nlcolet.  Gleason  et  al.  (1979)  reported 
St.  Marys  River  sedimentation  rates  an  order  of  magnitude  higher  than  found  in 
this  study  during  a  winter  with  vessel  passage.  Those  results  may  have  been 
overestimated  due  to  the  very  low  aspect  ratio  of  their  traps,  however. 

The  measured  sediment  flux  during  the  first  exposure  period  was  lower  in 
Lake  Nice  let  and  Course  7  than  during  the  second  period,  whereas  Lake  George 
demonstrated  a  decline  in  sedimentation  between  the  first  period  to  the  second 
period  (Table  42) .  A  plot  of  turbidities  In  Lake  Nicplet  and  Course  7  revealed 
generally  lower  turbidities  during  the  first  exposure  period  with  a  peak  during 
the  second  exposure  time  around  10  March  (Figure  43) .  This  Is  co"mensuratlve 
with  the  sediment  trap  data,  assuming  sediment  load  Is  related  to  turbidity. 

The  only  sediment  collector  returned  after  ice-out  was  from  Station  2  In 
Lake  Nlcolet  on  15  April.  The  others  were  either  moved,  covered  up  or  not 
marked  well  enough  to  be  found.  The  large  amount  of  sediment  had  filled  the 
trap  and  may  have  reduced  the  aspect  ratio  enough  to  cause  the  trap  to  over¬ 
collect.  However,  the  large  amount  of  sediment  may  be  indicative  of  increased 
sedimentation  associated  with  ice-out. 

Ash-free  weights  of  the  sediment  demonstrated  a  high  inorganic  content 
(Table  42) .  This  is  comparable  to  the  organic-inorganic  fractions  of  sediment 
collected  In  same  areas  of  the  St.  Marys  River  by  Gleason  et  al.  (1979). 

Sediment  Chemistry  of  Shipping  and  Non-Shipping  Channels 

Manganese  at  Lake  George  west  was  the  only  Incidence  of  a  parameter 
exceeding  U.S.  Environmental  Protection  Agency  Region  V  (1977)  criteria  for 
heavy  pollution.  Six  parameters  including  total  P,  As,  Cu,  total  Cr,  N1  and 
Mn,  were  detected  at  moderately  polluted  levels  a  total  of  17  times  collec¬ 
tively  (Tables  43  and  44).  With  two  exceptions,  these  levels  were  confined  to 
three  sites:  Lake  George  west.  Lake  Nlcolet  west  and  Lake  Nlcolet  channel. 

The  exceptions  were  Lake  Nlcolet  east,  which  was  moderately  polluted  with 
total  Cr,  and  Cu  levels  in  the  Lake  Nlcolet  channel  which  were  lower  than  the 
"moderately  polluted"  criteria.  All  other  values  could  be  judged  "non- 
polluted"  by  the  1977  USEPA  criteria. 

Lake  George  channel  had  the  coarsest  sediments,  with  83.2%  of  the  particles 
greater  than  0.074  mm  In  diameter.  Lake  George  east  and  Lake  Nlcolet  channel 
were  next  In  coarseness,  with  54.7%  and  26.3%  of  the  particles  greater  than 
0.074  mm  In  diameter,  respectively.  The  remaining  sites  had  much  finer 
sediments,  with  5%  or  less  of  the  particles  greater  than  0.074  mm  In  diameter. 
Sediment  character  In  both  off-channel  areas  as  predominantly  clays  with  some 
silt,  while  the  two  channels  had  some  sands  mixed  in  as  well  (Table  45). 
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TURBIDITY  (NTU) 


Figure  ^3.  Turbidity  readings  during  the  first  and  second  exposure  periods  of 
sediment  traps  In  Lake  Nlcolet  and  Navigation  Course  7 . 
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Table  43.  Nutrients,  Heavy  Metals  and  Organic  Compounds  in  St.  Marys  River 
Sediments  from  the  Lake  George  (Non-shipping)  Channel  Area 
(All  Units  mg/kg  Dry  Weight  Except  Total  Solids) 


Lake  George  Channel 

Parameter 

West 

Channel 

East 

Mean 

Total. Solids  (Z) 

55.2 

39.7 

54.1 

49.7 

Total  Volatile 
Solids 

22,300 

6,800 

13,000 

14,033 

COD 

6,000 

2,800 

18,400 

9,067 

TKN 

400 

260 

410 

357 

NH3-N 

17 

19 

31 

22.3 

Oil  and  Grease 

180 

210 

280 

223.3 

Total  CM 

<1 

<1 

<1 

- 

Total  P 

540* 

250 

200 

330 

Hg 

0.018 

0.007 

0.024 

0.0163 

As 

4.0* 

1.6 

1.5 

2.37 

Cu 

29* 

6.3 

7.8 

14.37 

Total  Cr 

34* 

8.6 

11 

17.87 

Pb 

<4 

<2 

14 

- 

Zn 

54 

28 

52 

44.7 

Fe 

12,500 

4,500 

7,200 

8,067 

Ni 

33* 

4.3 

6.5 

14.6 

Mn 

540** 

76 

110 

242 

Cd 

<0.3 

<0.2 

<0.2 

- 

Ba 

<160 

<90 

<70 

- 

PCB 

Arochlor  1242 

<0.1 

<0.1 

<0.1 

Axochlor  1254 

— 

- 

- 

- 

'  Arochlor  1260 

0.1 

0.06 

0.06 

0.073 

*  -  exceeds  USEPA  Region  V 

criteria  (1977) 

for  moderate  pollution 

**  -  exceeds 

USEPA  Region  V 

criteria  (1977) 

for  heavy  pollution 
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Table  44.  Nutrients,  Heavy  Metals  and  Organic  Compounds  in  St.  Marys  River 
Sediments  from  the  Lake  Nlcolet  (Shipping)  Channel  Area 
(All  Units  mg/kg  Dry  Weight  Except  Total  Solids) 


Lake  Nlcolet  Channel 

Parameter 

West 

Channel 

East 

Mean 

Total  Solids  (%) 

47.2 

51.6 

57.0 

51.9 

Total  Volatile 
Solids 

25,000 

24,200 

21,600 

23,600 

COD 

29,200 

15,600 

28,200 

15,667 

TKN 

400 

340 

440 

393 

NH^-N 

19 

30 

31 

26.7 

Oil  and  Grease 

190 

79 

230 

166.3 

Total  CN 

<1 

<1 

<1 

- 

Total  P 

420* 

420* 

270 

370 

Hg 

0.009 

0.007 

0.019 

0.0117 

As 

3.4* 

3.1* 

2.8 

3.1 

Cu 

25* 

21 

15 

20.3 

Total  Cr 

36* 

35* 

46* 

39 

Pb 

<4 

<4 

17 

- 

Zn 

61 

56 

46 

54.3 

Fe 

14,800 

14,700 

5,800 

11,767 

Ni 

38* 

23* 

10 

23.7 

Mn 

340* 

350* 

140 

277 

Cd 

<0.2 

<0.3 

<0.2 

- 

Ba 

<190 

<170 

<90 

- 

PCB 

Arochlor  1242 

<0.1 

<0.1 

<0.1 

Arochlor  1254 

— 

- 

- 

Arochlor  1260 

0.1 

0.07 

0.08 

0.083 

*  -  exceeds  USEPA  Region  V  criteria  (1977)  for  moderate  pollution 
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Table  45.  Particle  size 
shipping  and 

and  character  of  St.  Marys  River 
a  non-shipping  channel. 

sediments  from  a 

Cumulative  Percent 
Sediment  Retained 

Percent 

Passing 

Character 

Sieve  Opening 

(nm) 

0.35 

0.167 

0.074 

0.074 

West 

0.5 

0.9 

2.5 

97.5 

compact,  sticky 
clay 

Lake  George 
(non-shipping) 

Channel 

0.8 

41.6 

83.2 

16.8 

loose,  fine  sand 
with  some  shell 
fragments  and 
organic  matter 

East 

0.1 

30.4 

54.7 

45.3 

clay  with  some 
silt 

West 

0.3 

1.8 

2.7 

97.3 

clay  and  silt 

Lake  Nicolet 
(shipping) 

Channel 

2,5 

17.0 

28.3 

71.7 

clay  and  fine 
sand  mix 

East 

1.4 

2.3 

5.0 

95.0 

clay  and  silt 
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DISCUSSION 


BENTHIC  MACROINVERTEBRATES 
Navigation  Courses  7  and  9 

The  taxonomic  composition  of  benthic  Invertebrates  at  Navigation  Courses 
7  and  9  of  the  Middle  Neeblsh  Channel  In  1981  was  similar  to  that  found  In 
1979  (Liston  et  al.  1980).  As  In  1979 »  Chlronomldae  comprised  the  greatest 
proportion  of  Invertebrates  collected  during  1981.  Although  Chlronomldae  were 
more  abundant  In  1981  samples  than  1979,  they  comprised  less  (57.9%)  of  the 
total  benthos  than  previously  (63.8%)  at  these  two  stations.  This  apparent 
decrease  In  the  predominance  of  Chlronomldae  larvae  may  be  partly  an  artifact 
of  sample  handling.  Both  Nematoda  and  Ostracoda  were  quantified  In  1981 
samples,  whereas  the  presence  or  absence  of  these  groups  was  only  noted  In 
1979  samples.  Other  major  taxonomic  groups  which  comprised  greater  than  5% 
of  the  total  benthos  Included  Ollgochaeta,  Ephemeroptera,  and  Ceratopogonidae. 
Each  of  these  groups  were  approximately  tx/lce  as  common  In  1981  samples  than 
In  1979  samples.  Conversely  Isopoda,  Gastropoda,  and  Pelecypoda  were  less 
common  in  1981  than  In  1979.  Previous  benthic  studies  of  the  St.  Marys  River 
have  documented  the  presence  of  a  similar  taxonomic  composition  to  that  found 
during  1979  and  1981  (Veal  1968,  Poe  et  al.  1979,  Kenaga  1979).  Each  of  these 
studies,  however,  varied  In  taxonomic  treatment  and  consequently  the  taxonomic 
composition  presented  varies  among  the  published  reports. 

Shifts  in  the  predominant  genera  of  Chlronomldae  were  noted  between  years, 
but  in  all  other  major  taxonomic  groups,  genera  collected  In  1979  were  similar 
to  those  collected  in  1981.  Polypedllum  sp.  was  the  most  common  genus  collected 
at  Courses  7  and  9  In  1981,  while  in  1979  Trlbelos  sp.  was  uncommon  and 
Crlcotopus  sp.  was  less  common  in  1981  compared  to  1979.  Other  genera  which 
were  common  in  1979  remained  common  In  1981,  including  Ablabesmyla  sp.,  Larsia 
sp.  and  Procladlus  sp. 

These  shifts  in  generic  composition  of  the  Chlronomldae  do  not  appear  to 
suggest  a  change  In  water  quality  from  1979  to  1981.  Both  Trlbelos  sp.  and 
Crlcotopus  sp.  have  been  reported  to  occur  in  eutrophic,  mesotrophic  or 
dystrophic  waters  (Beck  1977) .  Similarly,  the  most  common  chlronomld  larvae 
collected  in  1981  characteristically  occurs  in  mesotrophic  waters.  All  of  the 
above  genera  Include  species  which  are  common  in  rivers  and  are  typically 
eplbenthlc  (living  on  the  bottom,  but  not  burrowing) .  In  addition,  all  of  the 
common  genera  collected  during  both  1979  and  1981  from  Courses  7  and  9  are  most 
frequently  reported  from  waters  of  mesollchtophilus  turbidity  (generally 
clear,  but  occasionally  clouded  waters;  Beck  1977) . 
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Total  benthic  Invertebrate  abundance  at  Courses  7  and  9  was  similar, 
although  overall  slightly  greater  in  1981  than  in  1979.  As  in  1979,  abundance 
within  the  navigation  channel  during  1981  was  significantly  less  than  outside 
the  navigation  channel.  In  comparing  abundances  among  years,  the  greater 
numbers  of  benthos  found  at  Course  7  during  1981  were  not  statistically 
significant.  However,  abundance  of  benthic  invertebrates  in  spring  1979  were 
significantly  less  than  in  fall  1979  and  during  both  seasons  in  1981.  In 
addition  to  Courses  7  and  9  comparisons  of  1979  and  1981  data  were  also  made 
for  one  station  in  Course  5.  At  this  station  total  benthos  collected  during 
1981  was  4-5  times  that  collected  in  1979.  Because  of  limited  replication 
these  data  were  not  tested  for  statistical  significance,  however. 

Navigation  Course  5  and  Lake  George 

A  total  of  98  taxa  of  benthic  invertebrates  were  identified  from  Naviga¬ 
tion  Course  5  and  Lake  George  combined.  Of  these,  59  occurred  in  each  area, 

16  were  taken  only  from  Lake  George,  and  23  were  taken  only  from  Course  5. 

All  common  taxa  occurred  in  both  areas,  although  they  comprised  different 
proportions  of  the  total  benthos  in  some  cases. 

In  both  systems,  Chlronomidae  were  the  predominant  benthic  taxon.  In 
Course  5  Chlronomidae  comprised  55.4%  and  57.3%  of  the  total  benthos  at  the 
3  m  depth  and  in  the  littoral  zone,  respectively.  Predominant  taxa  included 
Ablabesmyia  sp.  and  Polypedilum  sp.  at  the  3  m  depth  and  Polypedllum  sp., 
Paratany tarsus  sp.,  Larsia  sp.  and  Procladius  sp.  in  the  littoral  zone.  In 
Lake  George,  Chlronomidae  comprised  less  of  the  total  benthos  from  both  the 
3  m  depth  and  littoral  zone  (46.1%  and  44.6%,  respectively).  Excepting 
Paratanytarsus  sp.,  genera  common  in  Lake  George  were  the  same  as  in  Course  5. 

Other  common  taxa  in  Course  5  included  Oligochaeta,  Amphipoda  (Hyalella) , 
Ephemeroptera  (Ephemera  and  Hexagenia)  and  Ceratopogonldae  at  the  3  m  depth. 

In  the  littoral  zone,  Oligochaeta,  Ostracoda,  Isopoda  (Asellus) .  Amphipoda 
(Hyalella) ,  and  Ephemeroptera  (Caenis)  were  common. 

In  Lake  George,  Ephemeroptera  comprised  a  greater  proportion  of  the  total 
benthos  in  both  the  littoral  zone  and  at  the  3  m  depth.  The  predominant  genera 
offshore  was  Hexagenia  sp.,  while  in  the  littoral  zone  Caenis  sp.  was  pre¬ 
dominant.  Seasonally,  burrowing  mayflies  were  twice  as  common  in  Lake  George 
as  in  Course  5  (995/m^  vs.  455 /m^) .  Greater  numbers  of  Hexagenia  sp.  in 
Lake  George  likely  reflect  greater  organic  content  of  Lake  George  sediments 
in  comparison  to  Course  5  (Edmonds  et  al.  1976).  Increasing  numbers  of 
Hexagenia  prior  to  hypolimnetic  oxygen  depletion  in  Lake  Erie  has  been 
attributed  to  organic  enrichment  (Brittain  1982). 

Other  notable  differences  in  the  taxonomic  composition  of  these  two 
systems  Included  a  greater  proportion  of  mollusks  in  Lake  George  and  a  greater 
proportion  of  amphipods  in  Course  5.  The  high  density  of  Sphaerlidae  in  Lake 
George  compared  to  Course  5  is  a  response  to  slower  water  flow  in  Lake  George. 
Pelecypoda  are  filter  feeders  which  feed  on  plankton  and  organic  detritus 
which  is  settling  out  of  the  water  column.  Slower  water  currents  in  Lake 
George  allow  finer  particles  to  settle  to  the  bottom  enhancing  conditions  for 
the  Sphaerlidae  which  are  capable  of  filtering  very  fine  particles  (Pennak 
1978). 
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Seasonal  mean  abundance  of  total  benthic  Invertebrates  was  similar  within 
the  littoral  zones  of  Course  5  and  Lake  George  (18»506/m^  and  17»915/m^, 
respectively).  However,  average  seasonal  abundance  at  the  3  m  depth  was 
greater  in  Course  5  (13,771/m^)  than  Lake  George  (9»084/m^).  Comparison  of 
these  data  utilizing  a  4  X  5  contingency  table  indicated  one  could  have 
confidence  that  samples  were  not  drawn  from  the  same  population  (P  <.01). 

However,  the  distribution  values  above  or  below  predicted  values  was  not 
consistent.  Each  lake  had  monthly  abundance  values  both  above  and  below 
predicted. 

In  contrast  to  numerical  abundance  data,  estimates  of  standing  crop  In 
biomass  were  greatest  at  the  3  m  depth  of  Lake  George.  Standing  crop  biomass 
within  the  littoral  zones  of  each  area  appeared  to  be  similar,  while  lowest 
standing  crop  biomass  was  recorded  from  the  3  m  depth  station  of  Course  5. 

This  resulted  from  the  greater  relative  abundance  of  larger  benthic  organisms 
In  Lake  George,  particularly  Pelecjrpoda  and  Hexagenla  sp. 

2  . 

Estimates  of  annual  production  In  mg  dry  wt./m  /yr  appeared  to  be  similar 
between  areas  when  both  littoral  and  offshore  stations  were  considered.  Although 
production  estimates  from  the  3  m depth  of  Lake  George  were  greatest,  pro¬ 
duction  data  suggest  the  areas  differ  less  than  standing  crop  or  abundance 
Information  alone  would  Indicate.  Furthermore,  methods  of  estimating  non¬ 
cohort  production  are  designed  to  give  estimates  in  the  correct  order  of 
magnitude  (Waters  1977) .  Therefore,  slight  differences  should  not  be  strictly 
Interpreted.  Production  in  Lake  George  is  not  as  great  as  might  be  expected 
from  standing  crop  data  because  the  larger,  more  abundant  taxa  which  are 
common  In  Lake  George  also  have  a  longer  turnover  time.  This  Is  reflected  in 
the  annual  production  to  mean  biomass  (P/B)  ratio.  High  P/B  ratios  Indicate 
more  rapid  turnover  rates,  while  low  P/B  ratios  reflect  slower  turnover  rates 
(Barnes  and  Mann  1980).  In  the  St.  Marys  River,  Hexagenla  is  hemivoltine  (two 
year  life  cycle)  and  Sphaerlldae  are  believed  to  live  12  -  18  months  (Pennak 
1976) .  These  two  taxa  comprised  most  of  the  production  in  Lake  George.  In 
contrast,  most  of  the  production  In  Course  5  was  comprised  of  Chlronomldae 
some  of  which  are  univoltlne  and  some  multlvoltlne.  Thus,  although  being 
smaller  bodied  most  taxa  from  Course  5  achieve  adulthood  faster. 

Little  Information  on  the  total  benthic  community  production  for  lakes 
exists  because  of  the  difficulty  in  sampling  all  cohorts  of  a  variety  of 
organisms.  However,  Barnes  and  Mann  (1980)  suggest  benthic  community  production 
should  be  in  the  range  of  100  -  1000  g/m^/yr  fresh  weight.  Assuming  dry  weight 
to  be  roughly  10%  of  wet  weight,  production  estimates  for  the  15  common  benthic 
Invertebrates  of  Course  5  and  Lake  George  fall  within  this  range.  Additionally, 
production  estimates  from  other  areas  for  similar  taxa  appear  similar  to  those 
found  In  this  study. 

The  effects  on  benthic  invertebrate  communities  from  an  extended  navigation 
season  could  be  significant  if  excessive  sediment  loading  and  sedimentation 
occurred  from  eroded  shore  zones.  Potential  problems  related  to  slltation  and 
sediment  character  were  outlined  and  discussed  in  an  earlier  report  (Liston 
et  al.  1980). 
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AQUATIC  HACROPHYTES 


Objectives  of  the  1981  aquatic  plant  studies  on  the  St.  Marys  River  have 
been  met  by  the  program  considered  above.  The  study  provided  quantitative 
data  on  the  distribution  and  abundance  of  aquatic  vegetation  at  selected  sites 
adjacent  to  navigation  channels  of  the  river  (Course  3  in  Lake  Nicolet  and 
Course  7  of  the  Upbound  Neebish  Channel) .  Standard  and  repeatable  techniques 
were  used  to  record  location  and  biomass  of  dominant  forms  of  emergent  and 
submersed  vegetation  during  the  ice-free  season.  Rootstock  biomass  of 
emergent  plants^  Important  for  annual  regeneration  of  photosynthetic  shoots 
and  for  stabilizing  shoreline  sediments,  was  not  studied.  Development  of 
concepts  from  the  data  regarding  the  annual  growth  and  degeneration  cycle  of 
stibmersed  plants  was  difficult  because  of  lack  of  suitable  quantitative  data. 
Hand-sampling  techniques  were  developed  for  obtaining  biomass  in  submersed  plant 
beds.  A  standard  procedure  was  established  for  converting  data  obtained  from 
submersed  beds  by  PONAR  dredge  to  hand-sampled  equivalents.  Beds  of  submersed 
plants  found  at  the  edge  of  the  Upbound  Neebish  Channel  in  1979  were  found  In 
the  same  locations  in  1981.  The  same  species  dominated  these  beds  In  both 
years,  and  at  similar  biomass.  They  have  a  perennial  habit,  and  are  a  char¬ 
acteristic  of  the  river  system  that  reflects  the  present  condition  of  the 
quality  of  the  environment.  For  example,  charophytes  and  qulllworts  tend  not 
to  dominate  the  submersed  vegetation  of  eutrophlc  lakes  and  streams. 

The  St.  Marys  River  system  is  large  relative  to  the  number  and  area  of 
sites  for  which  data  has  been  obtained  thus  far  In  studies.  Never-the-less, 
patterns  are  emerging  from  the  record  to  date,  and  these  patterns  infer  that 
processes  are  at  work  to  cause  them.  The  validity  of  Interpretations  of  these 
patterns  needs  to  be  tested  before  baseline  information  on  aquatic  vegetation 
of  the  system  becomes  sufficiently  complete  for  valid  judgements  regarding 
impacts  of  various  uses  of  the  river.  One  pattern  that  merits  discussion  is 
the  observed  lack  of  consistency  in  the  time  at  which  dominant  species  of 
aquatic  plants  germinate,  achieve  their  maximum  growth  rates,  and  attain  their 
annual  maximum  biomass.  These  varied  among  sites  used  in  this  study.  We 
postulate  that  water  temperature  controlled  growth  in  a  way  that  was  specifically 
tied  to  the  relationship  of  this  river  to  Lake  Superior.  The  lake  served  as  a 
vast  reservoir  of  water  of  low  heat  content.  The  amount  of  heat  in  the  St. 

Marys  River  in  the  growing  season  was  dependent  on  the  heat  characteristics  of 
Lake  Superior  water  moving  downstream,  and  the  residence  time  for  heat  accumula¬ 
tion  while  that  water  was  in  portions  of  the  river  itself.  Because  residence 
times  varied  among  parts  of  the  river  system,  horizontal  temperature  gradients 
were  characteristic  of  the  environment.  These  gradients  were  steep  (5  -  15  C) 
between  channels  and  adjacent  emergent  plant  beds  throughout  the  growing  season. 

The  most  obvious  example  from  the  data  on  control  by  heat  on  timing  of 
germination,  timing  of  maximum  growth  rate,  and  timing  of  maximum  annual 
biomass  was  in  beds  of  emergent  vegetation.  Centers  of  cell  division  and 
growth  (merlstems)  in  the  dominant  emergent  plants  of  the  St.  Marys  River  were 
all  submerged.  Shoots  of  Scirpus  acutus,  Scirpus  ~mericanus,  Eleocharis 
smallii,  and  Equisetum  fluviatile  grew  primarily  from  a  region  at  their  base. 

On  transects  of  this  study,  inshore  shoots  of  these  plants  germinated  in  the 
hydrosoil  and  emerged  from  shallows  in  mid  to  late  May.  Shoots  in  offshore 
portions  of  beds  of  the  same  species  germinated  later  and  emerged  in  mid  to 
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late  June.  Perusal  of  temperature  records  kept  in  portions  of  this  study 
dealing  with  collections  of  fishes  and  invertebrates,  and  field  observations 
of  plants,  suggested  that  the  threshold  for  germination  of  shoots  from  rhizomes 
of  Scirpus  acutus  and  Scirpus  americanus  was  in  the  range  of  5  -  7°C.  Using 
temperature  records,  which  showed  typical  horizontal  gradients  across  plant 
beds,  on  the  order  of  one  degree-day  (0.8  -  1.2)  above  threshold  was  required 
per  centimeter  of  water  depth  for  shoots  to  emerge  through  the  surface  of  the 
water.  It  is  doubtless  that  this  mechanism  explains  the  commonly  observed 
progression  of  plant  emergence  from  shallow  shoreward  areas  outward  in  wetlands 
adjacent  to  the  river.  The  concept  suggests  there  is  a  time-predictable, 
temperature-controlled  process  at  work  which  creates  cover  and  a  food  supply 
(via  periphyton)  that  fish-food  organisms  and  fish  may  very  well  find  important 
in  the  array  of  environmental  cues  that  serve  their  survival. 

Other  cases  of  heat  control  on  plant  growth  are  more  obscure  in  the  data. 
However,  annual  maximum  biomass  of  shoots  was  present  in  the  emergent  stand  on 
Lake  George  after  15  July  in  1981  (Figure  22),  while  it  occurred  after  20  August 
on  the  study  site  in  Lake  Nicolet  (Figure  23).  While  the  difference  in  time  of 
maximum  biomass  may  have  been  due  to  other  factors  (e.g.  species  differences 
between  Scirpus  acutus  and  ^  americanus,  availability  of  nutrients,  force  of 
waves  and  currents) ,  we  propose  that  differences  in  available  heat  had  an  over 
riding  influence  on  determining  it.  Because  of  their  basal  growth  habit, 
dominant  plants  likely  did  not  escape  the  effect  of  water  temperature  on 
biomass  accumulation  after  shoots  emerged  into  the  atmosphere  that  was 
relatively  homothermal  between  study  sites.  Water  in  Lake  George  was  sub¬ 
stantially  warmer  over  inshore  areas  during  the  growing  season  than  water  over 
similar  areas  in  Lake  Nicolet  (Figure  24) .  The  tendency  for  colder  offshore 
water  in  Lake  George  to  circulate  into  the  study  site  and  influence  growth  in 
basal  merlstems  was  minimized  by  protection  of  the  site  from  prevailing  winds. 

The  transect  on  Lake  George  had  a  west  shore  location.  The  Lake  Nicolet 
transect  was  exposed  in  this  regard.  Prevailing  winds  blew  toward  its  east 
shore  location  across  cold  water  carried  downstrejun  through  the  lake.  From 
these  observations,  we  propose  that  the  difference  in  the  time  in  the  growing 
season  at  which  dominant  emergent  plants  on  these  transects  reached  maximum 
biomass  was  primarily  a  function  of  water  temperature  and  heat.  We  predict 
that  emergent  plants  on  exposed  sites,  in  terms  of  water  circulation  patterns, 
have  maturity  delayed  relative  to  those  that  occupy  protected  sites  in  the  same 
reach  of  the  river.  This  prediction  has  potential  significance  in  regard  to 
growth  on  animal  species  as  well  as  plants. 

A  comparison  of  data  from  beds  of  Isoetes  riparia  in  Lake  George  and  along 
Course  7  suggests  that  maturation  of  submersed  beds  was  also  different  because 
of  differences  in  the  amounts  of  heat  available  as  the  growing  season  progressed. 
Recruitment  of  young  plants  in  the  warmer  water  in  Lake  George  was  first 
observed  in  July  1981  (Table  B3) .  In  colder  water  over  the  transect  in 
Course  7,  these  plants  first  showed  in  collections  one  month  later  (Table  B8) . 
New  recruits  appeared  at  both  sites  shortly  after  the  period  in  which  water 
tem;>erature  rose  rapidly  to  the  plateau  of  maximum  annual  temperature  shown  in 
Figure  24.  A  relatively  large  contribution  by  perennial  tissue  to  measurements 
of  biomass  in  Isoetes  beds  precluded  searching  the  data  for  correlations  between 
heat  and  biomass  for  this  species.  The  case  for  charophyte  response  to 
increasing  heat  was  similarly  obscured  by  the  mixture  of  over-wintering  and 
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new  tissues  in  biomass  samples.  However,  from  observations  of  the  presence  of 
new  tissue  in  samples,  growth  of  Isoetes  rlparia  and  charophytes  on  transects  in 
Lake  Nlcolet  and  along  Course  7  appeared  most  rapid  in  July  and  August  of  1961. 
Water  temperatures  over  these  submersed  beds  rose  in  that  interval  from  9  -  10°C 
in  early  July  to  a  plateau  of  18  -  19  C  during  the  last  two  weeks  of  August. 
Accelerated  growth  rates  were  expected  with  these  conditions.  Water  temperature 
undoubtedly  controlled  the  time  of  germination,  the  time  of  maximum  growth  rate, 
and  the  time  of  occurrence  of  maximum  annual  biomass  in  submersed  plants  as  well 
as  emergents.  Because  of  circulation  patterns,  temperature  differences  among 
submerged  sites  (2.0  -  7.0  m  depth)  in  any  particular  reach  of  the  river  were 
likely  smaller  than  differences  between  protected  and  exposed  emergent  sites  in 
the  same  reach.  For  the  system  as  a  whole.  Lake  George  data  compared  with  that 
for  Lake  Nlcolet  and  Course  7  showed  that  Important  temperature  differences  did 
occur  among  submersed  beds,  and  that  maturation  occurred  earlier  where  heat 
content  of  the  water  during  the  growing  season  was  higher.  The  best  estimate 
from  this  study  for  time  of  seasonal  maxima  in  biomass  for  Isoetes  riparia  and 
charophyte  beds  in  the  relatively  cold  water  in  the  Neebish  Island  region  was 
September  1-10.  This  was  a  late  maturation  date;  water  temperature  began  to 
drop  toward  annual  minima  before  this  Interval  was  over. 

From  this  study  it  was  apparent  that  horizontal  temperature  gradients 
profoundly  Influenced  aquatic  plant  development  in  the  St.  Marys  River.  The 
degree-day  concept  was  applied  here  to  the  growth  of  emergent  plants  across 
temperature  and  depth  gradients  that  existed  on  study  sites.  The  result 
illustrates  the  Influence  of  heat.  An  emergent  plant  bed  on  a  site  protected 
from  circulation  of  cold  offshore  water  developed  maximum  biomass  in  the  first 
one-half  of  July  (Lake  George) .  This  is  the  habit  of  species  dominating 
regional  Inland  wetlands  of  comparable  type.  An  emergent  bed  on  an  exposed 
site  had  development  of  maximum  biomass  delayed  until  late  August  or  early 
September  (Lake  Nlcolet) .  Submersed  plant  beds  adjacent  to  channels  of  the 
main  stem  of  the  river  also  deveil  cped  late  (Lake  Nicolet  and  Course  7).  Their 
growing  season  was  short  relative  to  aquatic  environments  of  temperate  North 
America  as  a  whole.  The  submersed  plant  growing  season  was  longer  by  several 
weeks  on  a  site  remote  from  the  principle  channels  of  flow  (Lake  George) .  The 
character  of  Lake  Superior's  annual  heat  budget,  and  the  rate  of  dispersal  of 
Lake  Superior  water  to  portions  of  the  river  system,  were  principle  factors 
causing  the  unusual  array  of  heat  regimes  that  existed  in  the  St.  Marys  River. 
These  heat  regimes  need  careful  documentation;  the  distribution  of  heat 
energy  keys  events  that  are  important  in  understanding  the  biological  resources 
of  the  system. 


ICHTHYOPLANKTON 

The  seasonal  succession,  species  composition,  and  abundance  of  fish  larvae 
in  the  St.  Marys  River,  as  evidenced  by  the  1979,  1980  and  1981  ichthyoplankton 
collections,  are  similar  to  that  seen  in  other  investigations  in  the  Great 
Lakes  and  northern  temperate  lakes,  where  larvae  abundance  increases  as  the  water 
temperature  Increases  rapidly  (Faber  1967;  Amundrud  et  al.  1974).  As  discussed 
in  an  earlier  report,  the  fish  community  of  the  St.  Marys  River  is  essentially 
that  of  a  percid  community  in  a  mesotrophic  lake  as  described  by  Ryder  and 
Kerr  (1978),  with  walleye,  northern  pike,  yellow  perch,  white  sucker,  burbot. 


lake  whitefishy  clscot  sculplns,  minnows,  darters  and  trout-perch  as  primary 
components.  Larvae  of  the  majority  of  these  species,  with  the  exception  of 
walleye  and  northern  pike,  were  commonly  collected.  In  addition,  alewlfe  and 
rainbow  smelt  larvae  were  also  common  and  abundant  in  ichthyoplankton  collections. 
Adult  walleye  and  northern  pike  are  frequently  collected  in  the  St.  Marys  River, 
so  the  absence  of  larvae  In  collections  probably  reflects  either  unsuitable 
spawning  or  nursery  areas  in  the  areas  sampled,  and  the  lack  of  sampling  in  the 
very  shallow  marshy  littoral  areas  where  northern  pike  larvae  occur.  Qualita¬ 
tive  samples  In  the  spring  of  1980  yielded  pike  eggs  and  larvae,  and  large 
numbers  of  spawning  adults  were  seen  in  a  littoral  marsh  north  of  the  Dunbar 
Research  Station. 

The  spawning  habits  and  spawning  site  preferences  of  fish  species  in  the  St. 

Marys  River  were  outlined  in  an  earlier  report  (Liston  et  al.  1980).  Since 
few  species  in  this  system  are  pelagic  spawners,  it  was  suggested  that  the 
origin  of  the  larvae  In  the  collections  from  the  navigation  channel  might  be 
from  upstream  and  adjacent  littoral  areas  of  the  river,  as  well  as  from  Lake 
Superior  or  Whitefish  Bay.  The  results  of  sampling  the  shallow  littoral  areas 
in  1980  and  1981  support  the  hypothesis  of  the  littoral  origir  of  many  of  the 
fish  larvae.  Although  species  composition  did  not  vary  significantly  from  the 
Inshore  to  offshore  stations,  abundance  or  density  of  larvae  was  considerably 
higher  Inshore.  The  importance  of  the  shallow  littoral  areas  as  spawning  and 
nursery  areas  for  fish  is  continuously  emphasized  but  few  methods  are  available 
to  quantitatively  estimate  abundance  of  larvae  in  vegetated  areas.  The 
methods  employed  in  this  study  permit  a  comparison  of  relative  abundance  and 
density  of  individual  taxa  in  different  habitats,  if  the  inherent  limitations 
specific  to  each  gear  type  as  well  as  in  the  specific  biology  of  the  organisms 
(gear  avoidance,  patchiness,  diel  migrations)  are  remembered.  Time  of  sample 
collection  can  influence  species  composition,  particularly  where  a  species, 
such  as  sculpin  (Cottus  sp.)  or  suckers  exhibit  nocturnal  drift  which  often 
peaks  after  midnight  either  for  dispersal  or  to  facilitate  feeding  (Heard  1965; 
Geen  et  al.  1966;  Sheldon  1968;  Sinclair  1968;  Clifford  1972;  McCormick  et  al. 
1977;  Gale  and  Mohr  1978).  In  the  St.  Marys  River,  sampling  time  can  affect 
both  numbers  and  species  composition  of  larval  fish  (Ashton,  unpublished  data) . 

In  the  collections  at  Station  9  on  7  July  1981,  the  largest  numbers  of  sucker 
and  sculpin  larvae  were  taken  and  all  collections  were  made  after  midnight. 

The  appearance  of  large  numbers  of  larvae  in  the  shallow  littoral  zones, 
as  well  as  their  appearance  at  an  earlier  time  than  in  the  channel  collections, 
is  undoubtedly  a  function  of  where  the  eggs  are  spawned  which  is  related  to 
water  temperature.  Water  temperatures  were  consistently  warmer  in  the  shallow 
areas  at  all  stations. 

Larvae  of  fall  and  winter  spawners  collected  in  the  St.  Marys  River  include 
burbot,  fourhorn  sculpin,  cisco,  and  lake  whitefish.  The  coregonid  larvae 
utilize  the  warmer  littoral  areas  shortly  after  ice-out,  prior  to  regrowth  of 
vegetation.  Coregonid  larvae  have  exhibited  a  seven  fold  increase  in  feeding 
at  water  temperatures  from  5.3  to  12  C  (Braum  1967),  and  warmer  water  temp¬ 
erature  of  the  shallow  littoral  areas  may  be  a  significant  survival  factor 
for  this  species.  The  majority  of  larvae  of  burbot  and  fourhorn  sculpin  were 
yolk-sac  larvae,  and  would  be  passive  components  of  the  plankton,  possibly 
originating  in  Lake  Superior. 
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Larvae  of  spring  spawners  include  rainbow  smelt,  yellow  perch,  suckers  and 
sculpins.  Other  taxa,  such  as  logperch,  johnny  darter,  cyprinids,  carp,  sun- 
fishes  and  alewife  spawn  in  early  to  late  summer. 

The  assessment  of  Impact  of  habitat  alteration  on  the  shallow  littoral 
spawning  and  nursery  areas  of  fish  is  tenuous,  and  potential  impacts  of 
excessive  sedimentation  have  been  discussed  in  detail  elsewhere  (Liston  et 
al.  1980,  1981) .  These  Include  direct  effects  on  eggs  and  larvae,  such  as 
slltatlon,  abrasion.  Increased  turbidity  and  reduced  visibility,  and  possible 
reduction  in  dissolved  oxygen  concentration.  Indirect  effects  are  more  subtle, 
and  may  Include  changes  in  food  availability  or  capture,  decreased  growth 
rates,  increased  susceptibility  to  predation,  and  changes  in  emigration  or 
Immigration  to  and  from  suitable  nursery  areas.  Any  direct  or  indirect 
effects  are  super- imposed  upon  natural  stresses  and  mortality. 

The  most  obvious  Impact  from  navigation,  both  winter  and  summer,  is  a 
physical  one,  where  eggs  and/or  larvae  are  subject  to .dislodgement  by  water 
currents  Induced  during  vessel  passage.  Similarly,  prey  organisms  may  also 
be  transported  in  and  out  of  an  area  as  may  be  organic  matter  or  detritus.  The 
extent  of  transport  of  larvae  caused  by  vessel  passage  is  unknown,  as  is  the 
potential  Increased  energy  costs  of  maintaining  or  returning  to  a  desired 
position  or  habitat.  Similarly,  the  effects  of  such  water  movements  on 
primary  productivity  of  periphyton  is  also  unknown.  Increased  circulation  of 
nearshore  waters  may  be  beneficial  in  terms  of  supplying  nutrients,  preventing 
extreme  temperatures,  and  increasing  oxygen  concentrations  during  darkness. 

Patchiness  Is  a  characteristic  of  the  distribution  of  larval  fish,  as  well 
as  a  characteristic  of  the  nature  of  the  habitats  (l.e.  plant  types)  In  the 
shallow  littoral  zone.  Patchiness  Is  recognized  by  most  field  ecologists 
(Levin  and  Paine  1974)  and  patch  foraation  is  often  considered  the  product  of 
random  localized  disturbances  which  reoccur  but  are  unpredictable  (Wiens  1976) . 
The  recurrent  disturbance  of  an  environment  may  provide  a  temporal  gradient 
of  various  successional  stages,  resulting  most  often  in  an  Increased  species 
diversity  (Levin  1976).  In  aquatic  systems,  patch  forming  mechanisms  may 
Include  severe  storms.  Ice  scour,  and  flooding. 

A  closer  examination  of  specific  features  and  functional  aspects  of 
spawning  and  nursery  areas  could  aid  future  predictions  of  Impacts  from 
extended  season  navigation.  Factors  affecting  growth  rates  of  fish  during 
early  life  stages  (temperature,  food  availability,  energy  expenditure)  could 
be  examined  In  laboratory  studies  and  related  In  field  conditions  in  the  St. 
Marys  River.  Similarly,  laboratory  studies  of  the  effects  of  slltatlon  on 
eggs  and  turbidity  on  larvae,  using  local  species  and  bottom  sediments,  could 
be  initiated.  Food  habits  of  the  larvae  along  with  abundance  and  quality  of 
prey  could  be  used  to  define  suitability  of  nursery  areas  and  in  predicting 
losses  in  fish  production  in  areas  of  the  littoral  zone  that  may  be  lost  or 
jeopardized.  The  relationship  between  primary  producers  and  invertebrates 
could  be  examined,  as  this  is  related  to  success  of  the  early  life  stages  of 
fish.  Increased  disturbance  caused  by  vessel  passage  may  have  more  of  an 
effect  on  the  primary  producers  of  a  community  than  on  prey  species  and 
result  in  an  indirect  effect  on  the  larval  fish. 
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Assessment  of  annual  variation  in  abundance  of  larval  fish  in  the  St.  Marys 
River  is  confounded  by  a  number  of  factors,  both  biotic  and  abiotic.  Patchiness 
Induces  high  variability  in  estimates  of  numbers  in  replicate  samples  at  the 
same  station  on  the  same  date  and  hampers  comparison  among  stations  sampled  at 
different  times  of  day  (another  known  variable) .  Comparison  between  years  is 
best  approached  looking  at  relative  abundance  and  species  composition  of  the 
Ichthyoplankton.  Assessment  of  the  success  of  a  year  class  can  be  determined 
using  data  from  adult  and  Juvenile  fish  collections  and  relating  survival  to 
factors  such  as  weather,  temperature,  and  abundance  estimates  of  larvae. 


JUVENILE  AND  ADULT  FISH 
Gill  Nets 


This  study  was  contracted  mainly  to  expand  the  data  base  for  the  St.  Marys 
River  near  Neeblsh  Island  to  aid  in  determining  environmental  effects  of  winter 
navigation-related  activities  (i.e.  icebreaking,  ship  movements).  The  1980 
fish  sampling  was  directed  at  determining  horizontal  distribution  of  fish  in 
an  open  lake  (Navigation  Course  9)  and  narrow  channel  (Navigation  Course  7) 
habitat.  Goals  of  the  1981  sampling  effort  were:  1)  an  additional  year's 
replication  of  sites  sampled  in  1980  to  yield  data  for  annual  variation 
comparisons;  and  2)  make  comparisons  between  a  shipped  (Lake  Nlcolet)  and 
non-shipped  (Lake  George)  habitat. 

Liston  et  al.  (1981)  defined  the  three  zones  encountered  from  shoreline 
to  the  ship  channel,  stating  that  the  fish  community  of  the  deep  and  shallow 
water  habitats  are  similar.  Bottom  gill  nets  were  primarily  employed  to  sample 
the  more  mobile  portion  of  the  fish  community  occupying  this  section  of  the 
river.  Species  selectively  sampled  with  gill  nets  in  the  St.  Marys  River 
Include  white  sucker,  cisco,  northern  pike,  yellow  perch,  walleye,  rock  bass, 
burbot  and  rainbow  smelt. 

White  Sucker.  White  sucker  dominated  the  gill  net  collections  comprising 
26.9  and  25.5%  of  the  winter  and  open  water  catches,  respectively.  Catch  per 
effort  was  lower  during  winter  (CPE  3.1)  compared  to  CPE  during  open  water 
(CPE  5.8)  in  the  navigated  portion  of  the  St.  Marys.  Catch  per  effort  was 
higher  (7.1  vs.  5.8)  in  a  non-shipped  portion  of  the  river  (Lake  George)  than 
in  a  section  exposed  to  ship  traffic. 

White  suckers  commonly  inhabit  shallow  nearshore  areas  reaching  highest 
abundance  in  shallow  bays  and  near  shoals  in  the  Great  Lakes  (Koehler  1979; 
Lawrle  1978;  Galloway  and  Kevern  1976).  Incidence  of  white  sucker  in  1981 
catches  Increased  substantially  over  1980  during  winter.  Catch  increases 
occurred  primarily  at  Navigation  Course  7  in  February  and  cannot  be  attributed 
to  change  in  sites  fished  between  years  (Lake  Munuscong  was  not  sampled  in 
1981). 

Age-length  data  recorded  from  cross-sectioned  pectoral  fin  rays  by 
Koehler  (1979)  indicated  the  bulk  of  our  winter  catch  to  be  between  5  and  8 
years  old.  Sexual  maturity  appears  to  be  attained  at  ages  of  4  or  5  years. 
Growth  after  maturity  is  substantially  slowed  (Koehler  1979;  Beamish  and 
Harvey  1969) . 
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The  dominance  of  female  white  sucker  In  winter  collections  in  1980 
continued  in  1981.  Their  frequency  in  winter  samples  was  determined  to  be 
a  function  of  activity  rather  than  abundance  since  white  sucker  sex  ratios  from 
open  water  collections  were  nearly  equal.  Females  appear  to  be  more  mobile 
during  winter. 

Catch  per  effort  comparisons  for  Navigation  Courses  5,  7  and  9  Indicated 
suckers  to  be  concentrated  In  the  shallow  water  zone  during  darkness.  Dlel 
movement  of  white  sucker  Into  shallow  water  to  engage  in  feeding  has  been 
documented  (Kavallers  1980;  Anderson  1979;  Koehler  1979;  Spoor  and  Schloemer 
1938) .  White  sucker  were  collected  at  highest  frequency  during  open  water  in 
Navigation  Course  5.  Food  habit  data  indicate  major  dietary  components  to  be 
chlronomlds  (larvae  and  pupae)  and  cladocerans  (Koehler  1979;  Campbell  1935), 
both  found  in  association  with  the  extensive  emergent  vegetation  growing  at 
this  site. 

Age-length  analyses  done  by  Koehler  (1979)  suggest  the  bulk  of  the  open 
water  sample  to  be  composed  of  age  3  to  9  fish.  It  is  also  important  to  note 
that  gill  net  samples  in  Lake  Nlcolet  had  a  lower  overall  catch  per  effort  but 
a  higher  frequency  of  one  and  two  year  old  fish  in  contrast  to  the  Lake  George 
catch. 

Available  food  habits  data  (Koehler  1979)  and  gross  inspection  of  stomach 
contents  from  collections  indicate  them  to  be  browsing  shallow  water  bottom 
feeders.  Their  numbers  and  ubiquitous  occurrence  within  the  St.  Marys  suggest 
white  sucker  are  a  readily  available  forage  item.  Inspection  of  osprey  nest 
sites  in  the  Neebish  Island  area  revealed  white  sucker  to  be  a  major  component 
of  their  diet.  The  Importance  of  white  sucker  in  transfer  of  energy  between 
trophic  levels  is  judged  to  be  significant. 

Cisco.  Cisco  were  collected  almost  exclusively  with  gill  nets  and  were 
secondary  dominants  in  samples.  Cisco  comprised  33.5  and  21.9%  of  the  under 
ice  and  open  water  catches,  respectively.  Catch  per  effort  was  lower  during 
winter  (CPE  2.6)  than  open  water  (CPE  4.9)  sampling.  Catch  per  effort  for 
Lake  George  cisco  collections  was  lower  than  Lake  Nlcolet  cisco  catch  per 
effort  (CPE  0.8  vs.  CPE  2.3), 

The  substantial  increase  in  the  under  ice  catch  of  cisco  in  1981  resulted 
in  the  near  doubling  of  catch  per  effort  over  the  1980  value.  A  thaw  in  mid- 
February  and  ice  breakup  in  late  March  may  have  been  responsible  for  the  catch 
increase  in  1981  by  elevating  both  zooplankton  and  fish  activity.  Liston  et  al. 
(1981)  recorded  copepods  as  both  volumetric  and  numerical  dominants  in  winter 
and  summer  cisco  diets.  Winter  data  suggest  cisco  move  primarily  along  the 
ship  channel  margin  in  the  St.  Marys  River.  Cisco  were  more  numerous  in  the 
shallow  catches  at  Courses  7  and  9  during  open  water  sampling. 

Cisco  in  Pallette  Lake,  Wisconsin  were  found  to  undertake  seasonal 
offshore/onshore  migrations  in  response  to  increasing  or  decreasing  water 
temperature  (Engle  and  Magnuson  1976).  Distribution  and  fluctuations  in  St. 
Marys  River  collections  have  been  attributed  to  the  combined  Influences  of 
food  availability  and  water  temperature  (Liston  et  al.  1981).  Peak  catches  of 
cisco  during  open  water  in  July  were  associated  with  feeding  on  emerging 
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Hexagenla  sp.  (Liston  et  al.  1981).  Maximum  lethal  temperature  limits  of  20° 
and  26° C  have  been  set  for  mature  and  young-of-the-year  cisco*  respectively 
(Colby  and  Brooke  1969*  Edsall  and  Colby  1970) .  Absence  of  fish  in  samples  in 
late  July  and  August  at  water  temperatures  near  20°C  support  these  data. 

Near  absence  of  cisco  in  gill  net  collections  in  Lake  George  was  attributed 
to  a  combination  of  avoidance  of  elevated  temperature  during  summer  and  high 
turbidity  at  this  site  limiting  feeding  success  (Wilber  1971).  Janssen  (1978) 
observed  cisco  to  be  sight  feeders  ingesting  food  items  from  the  water  column 
and  substrate  in  a  particulate  manner.  Benthos  data  indicate  the  substrate 
is  harder  in  Lake  George  as  suggested  by  the  dominance  of  Ephemera  sp.  in 
benthic  collections  of  burrowing  mayflies.  Turbidity  was  also  higher  at  this 
site  than  the  navigated  portions  of  the  river.  These  data  suggest  that 
energy  expended  during  search  and  feeding  may  be  extreme,  possibly  serving  as 
the  causative  agent  restricting  distribution  in  Lake  George. 

Gill  net  captured  cisco  ranged  from  213  -  415  mm  TL  during  winter  and 
108  -  482  mm  TL  during  open  water  sampling.  Ages  for  winter  captured  fish 
ranged  from  3-11  years  with  most  fish  age  3-7.  Cisco  ages  from  open  water 
collections  ranged  from  1-9  years.  The  majority  of  the  catch  was  between 
5  and  7  years  with  older  fish  Infrequent  occurrents. 

Annual  comparisons  of  catch  per  effort  during  open  water  sampling  in  1980 
and  1981  revealed  catches  of  cisco  declined  in  1981.  Three  and  four  year  olds 
(288  -  302  mm  TL)  and  fish  of  ages  5-6  predominated  in  1980  collections. 

Fish  of  ages  5-7  were  noted  with  highest  frequency  in  1981  indicating  the 
continued  dominance  of  these  year  classes  in  the  population. 

Northern  Pike.  Northern  pike  were  common  in  gill  net  collections 
contributing  4.5%  to  under  ice  and  11.9%  to  open  water  catches  in  the  navigated 
portion  of  the  St.  Marys.  Roughly  22%  of  the  catch  in  Lake  George  consisted 
of  pike.  Catch  per  effort  was  lowest  in  winter  (CPE  0.3)  and  highest  in  the 
non-shipped  section  of  the  river  during  open  water  (Lake  George  CPE  5.1  vs.  Lake 
Nicolet  CPE  2.6). 

Northern  pike  were  taken  in  highest  relative  frequency  at  netting  stations 
where  extensive  growths  of  Potamogeton  sp.  were  in  evidence  during  both  under  ice 
and  open  water  sampling.  These  stands  are  similarly  distributed  between  the 
deep  and  shallow  netting  sites  in  Course  7.  The  majority  of  Potamogeton  sp.  in 
Course  9  exists  at  the  deep  net  site.  Northern  pike  are  documented  to  be  an 
"ambush  predator"  remaining  in  stationary  concealment  for  prey  and  are  hypothe¬ 
sized  to  be  concentrated  near  these  beds  for  concealment  (Keast  and  Webb  1966) . 

Annual  comparisons  of  northern  pike  winter  catch  per  effort  Indicated  a 
decline  in  1981.  Liston  et  al.  (1981)  stated  that  northern  pike  were  commonly 
caught  at  Course  7  and  Lake  Munuscong  (Rocky  Point) .  The  Lake  Munuscong  sample 
site  was  not  fished  in  1981,  but  sampling  in  1982  at  Rocky  Point  revealed  a 
number  of  pike  in  the  catch. 

Pike  captured  during  under  ice  work  in  both  1980  and  1981  were  almost 
exclusively  female.  This  sex  ratio  was  much  higher  than  values  recorded  from  a 
winter  sport  fishery  by  Pearce  (1961)  of  2.4:1  and  Dunning  et  al.  (1978)  of 
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5.7:1  for  size  limits  of  508  and  660  mm  XL,  respectively.  The  1960  data  list 
two  modes  for  pike  captured  during  winter  and  open  water.  Winter  data  in  1981 
listed  a  mode  centered  at  620  mm  TL  (age  5-6  for  females) .  Dunning  and  Ross 
(1982)  showed  that  from  age  4  (508  mm  TL)  on,  egg  production  Is  maximized  for 
northern  pike.  Wright  and  Schorffaar  (1976)  recorded  the  St.  Marys  pike 
population  to  be  slower  growing  with  pike  of  506  mm  5  years  old.  Our  data 
Indicate  this  size  fish  to  be  A  -  6  years  old.  Our  data  Indicate  that  female 
northern  pike  exhibit  more  pronounced  movement  than  males  In  winter.  The 
literature  presented  suggests  that  this  Increased  movement  may  be  In  response 
to  greater  maintenance  and  gonadal  maturation  energy  requirements. 

A  greater  proportion  of  empty  stomachs  was  noted  for  winter  stomachs 
examined  In  1980  (Liston  et  al.  1981) .  Ifechanlsms  for  continued  growth  during 
winter  temperature  minima  at  low  levels  of  food  Intake  has  been  postulated 
(Diana  1979;  Diana  and  Mackey  1979;  Keast  1968). 

Northern  pike  length  frequencies  In  open  water  collections  from  Lake 
Nlcolet  and  Lake  George  were  roughly  Identical  with  nearly  90%  of  the  catch 
consisting  of  fish  age  4-7.  Females  grew  larger  and  lived  longer  than  males. 
Lake  George  pike  collections  were  higher  (as  stated  previously)  as  a  function  of 
the  more  abundant  stands  of  submersed  vegetation  at  the  sample  site. 

Pike  were  one  of  two  species  exhibiting  catch  per  effort  Increase  in  1981 
during  open  water.  More  large  fish  were  taken  In  1981  samples.  The  mode 
remained  at  480  mm  TL  during  both  years. 

Yellow  Perch.  Yellow  perch  were  the  third  most  abundant  species  collected 
In  bottom  gill  nets  comprising  6.5  and  17.2%  of  the  catch  during  winter  and 
open  water  sampling,  respectively.  Catch  per  effort  was  lowest  during  under 
Ice  sampling  (CPE  0.5).  Catch  per  effort  was  higher  in  a  non-shlpped  portion 
of  the  river  (Lake  George) (CPE  4.7)  than  in  a  section  exposed  to  ship  traffic 
(CPE  3.8). 

Yellow  perch  were  captured  exclusively  at  Course  7  during  under-ice 
sampling  In  1981.  Ifost  of  the  yellow  perch  collected  in  1980  (13  of  15)  were 
also  captured  at  this  site  In  winter.  Females  dominated  the  winter  catch  in 
both  years.  The  1981  catch  per  effort  value  exhibited  a  modest  increase  over 
the  1980  under  ice  value  (CPE  0.5  vs.  0.4). 

Interval  shifts  in  length  frequency  peaks  between  years  were  either  a 
function  of  dominant  age  classes  moving  through  the  population  or  Increased  age 
specific  mortality  in  these  length  frequency  intervals. 

Yellow  perch  evidenced  higher  catch  per  effort  values  in  the  shallow  nets 
at  both  Courses  7  and  9  during  open  water  sampling.  Day/night,  offshore/ 
onshore  migrations  of  yellow  perch  were  recorded  in  Pallette  Lake,  Wisconsin 
(Engle  and  Magnuson  1976).  Ages  of  yellow  perch  ranged  from  1  to  10  years. 

The  bulk  of  the  catch  was  age  3  to  8  with  the  mode  dominated  by  4  -  6  year 
old  fish. 

Lake  George  perch  collections  were  higher,  probably  as  a  consequence  of 
higher  concentrations  of  forage  fish  (see  trap  net  section)  and  more  extensive 
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beds  of  both  emergent  and  submersed  macrophytes  providing  both  cover  and  food. 
Fish  are  an  important  volumetric  contributor  to  the  diet  of  adult  perch  (Liston 
et  al.  1981;  Ney  1978;  Brazo  1973). 

Immature  and  young  adult  perch  are  found  primarily  in  association  with 
vegetation  during  open  water  (Hergenrader  and  Hasler  1968) .  The  more  abundant 
submersed  vegetation  found  at  the  Lake  George  sample  site  would  explain  the 
higher  frequency  of  <180  mm  TL  fish  in  comparisons  made  with  Lake  Nicolet 
yellow  perch^length  frequencies.  Ferguson  (1958)  recorded  preferred  temperatures 
of  21  -  24. 2  C  for  yellow  perch.  These  temperatures  commonly  occur  in  Lake 
George  for  extended  periods  during  open  water. 

Roughly  equivalent  values  for  catch  per  effort,  and  similar  dispersion 
and  configuration  of  between  year  length  frequency  comparisons  indicate  no 
marked  fluctuations  in  the  yellow  perch  population  to  date. 

Walleye.  Only  one  walleye  was  captured  during  winter  sampling  in  1981. 

This  fish  was  captured  in  Course  7.  Catch  per  effort  decline  in  1980  -  81 
winter  comparisons  was  primarily  a  function  of  different  areas  fished.  The 
majority  of  walleye  captured  in  1980  were  taken  from  the  Lake  Munuscong  sample 
site  during  winter.  This  site  was  not  sampled  in  1981. 

Walleye  were  more  abundant  during  summer,  contributing  7.6%  to  the  open 
water  catch.  Open  water  catch  per  effort  for  walleye  was  higher  in  Lake 
Nicolet  (CPE  1.7)  than  Lake  George  (CPE  .9).  Data  suggest  a  preference  for 
shallow  water  during  the  sample  period  (sunset  to  sunrise)  at  all  sample  sites 
for  walleye.  Crepuscular  activity  and  nocturnal  movement  along  the  shoreline 
during  feeding  are  well  documented  (Ney  1978;  Kitchell  et  al.  1977;  Priegel 
1970). 

The  majority  of  the  open  water  walleye  catch  was  between  401  and  560  mm 
TL.  Age  data  from  Wright  and  Schorffaar  (1976)  and  Miller  (1981)  indicate 
walleye  of  these  lengths  to  be  5  to  7+  years  old  in  the  St.  Marys.  Miller 
(1981)  stated  that  average  walleye  growth  rates  for  all  areas  of  the  St.  Marys 
sampled  were  well  below  the  state  average,  but  walleye  older  than  age  6 
exceeded  the  average  growth. 

Food  habits  of  walleye  in  the  St.  Marys  agree  with  those  recorded  by 
Ryder  and  Kerr  (1978).  Walleye  stomachs  taken  from  collections  in  Lake  George 
contained  a  number  of  trout-perch,  an  item  not  recorded  in  stomachs  captured 
elsewhere  in  the  system.  Trout-perch  are  abundant  in  Lake  George  (see  trawl 
section)  and  are  probably  a  readily  available  forage  item. 

Walleye  showed  an  Increase  in  the  1981  catch  compared  to  1980  values 
recorded  during  open  water  sampling.  Large  numbers  of  walleye  were  taken  in 
Course  5  in  1981.  This  area  was  not  sampled  in  1980  with  gill  nets.  The 
broader  range  and  change  in  mode  for  the  length  frequency  distribution  in  1981 
is  primarily  a  function  of  Increased  sample  size. 

Rock  Bass.  Rock  bass  were  abundant  in  winter  collections  from  the  St. 

Marys  River  in  1980  and  1981.  Rock  bass  contributed  7.6  and  6.9%  of  the  open 
water  catch  from  the  navigated  portion  of  the  St.  Marys  and  Lake  George, 
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respectively.  Catch  per  effort  was  nearly  equal  for  both  areas.  The  near¬ 
shore  nets  at  Courses  5  and  9  yielded  highest  catches,  as  did  the  nearshore 
net  in  Lake  George.  Rock  bass  grew  longer  and  exhibited  a  greater  range  in 
length  frequency  in  the  navigated  section  of  the  St.  Marys. 

Catch  per  effort  was  higher  for  rock  bass  captured  In  1980.  The  range  in 
the  length  frequency  distribution  was  slightly  broader  In  1981  and  peaks 
occurred  at  longer  Intervals. 

Rock  bass  feed  primarily  on  Insects  found  in  association  with  the  shoreline 
vegetation  fovmd  in  the  St.  Marys  River  (Keast  and  Webb  1966;  Keast  1965). 

Large  rock  bass  (<150  mm)  feed  primarily  on  crayfish.  This  agrees  with  work 
done  by  Keast  and  Webb  (1966).  Dlel  feeding  periodicity  of  rock  bass  was 
studied  by  Keast  and  Webb  (1968)  who  found  feeding  periods  occurred  at  dawn  and 
dusk.  These  periods  were  thought  to  coincide  with  Increased  activity  of  prey 
Increasing  fish  feeding  success. 

Burbot .  Burbot  were  primarily  captured  during  under  ice  sampling  and 
contributed  4.5%  to  the  catch.  Burbot  were  captured  primarily  in  Course  5  in 
net  panels  nearest  the  ship  channel.  Lengths  ranged  from  410  to  648  mm  TL 
with  corresponding  ages  of  5  to  10  recorded. 

Of  the  14  burbot  collected  during  winter,  12  were  females.  Burbot  have 
been  documented  to  enter  rivers  to  spawn  during  water  temperature  minima 
(Lawler  1963).  Spawning  occurs  around  February  in  the  St.  Marys.  Egg  pro¬ 
duction  ranged  from  300,000  for  a  410  mm  (age  IV)  fish  to  890,000  eggs  for  a 
648  mm  (age  IX)  fish. 

Burbot  were  found  to  feed  primarily  on  macroinvertebrates  (Mysis  relicta 
and  crayfish)  and  fish  in  Lakes  Superior  and  Erie  by  Bailey  (1972)  and  Clemens 
(1951). 

Potential  Effects  of  Winter  Navigation  Activities.  Fish  population 
abundance  in  a  given  water  body  is  a  function  of  immigration  and  emigration, 
age-specific  fecundity  and  death  rates,  and  hatching  success  (Ricker  1975). 

Ice  breaking  and  ship  passage  through  the  St.  Marys  River  during  the  extension 
project  could  potentially  affect  fish  populations  in  several  ways.  Physio¬ 
logical  processes  such  as  respiration,  growth,  reproduction,  development  and 
maturation  may  be  altered.  Changes  in  movement  patterns,  spatial  and  temporal 
abundance,  alteration  of  habitats  and  changes  in  linkage  and  structure  of  the 
supporting  food  web  are  possible. 

The  St.  Marys  system  is  currently  exposed  to  environmental  perturbations 
associated  with  maintaining  the  navigation  channel  in  its  present  state  such  as 
maintenance  dredging,  regulation  of  flows,  and  disturbance  associated  with 
vessel  passage.  Our  data  suggest  Lake  George  to  be  a  more  productive  environ¬ 
ment  than  Lake  Nlcolet.  Catches  were  consistently  higher  for  most  species  in 
Lake  George  during  open  water  sampling.  Miller  (1981)  and  Wright  and  Schorffaar 
(1976)  both  found  growth  rates  to  be  below  the  state  average  in  the  St.  Marys 
River  for  sport  fish  species.  The  method  of  calculating  state  wide  average 
growth  was  unknown  and  may  be  skewed  upward  by  inclusion  of  more  data  from 
warmer  more  productive  waters  from  the  southern  portion  of  the  state,  however. 
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If  this  is  not  the  case,  a  change  in  growth  rates  may  be  affected  as  a 
consequence  of  shipping.  The  degree  of  the  effect  would  be  a  function  of 
exposure  duration  and  life  stages  of  fish  exposed.  The  response  of  the 
population  may  also  be  a  function  of  intrinsic  features,  and  stability  and 
productivity  of  the  environment  (McFadden  1976;  1977) . 

Ice  breaking  activities  and  ship  movements  during  winter  could  Increase 
turbidity  and  possibly  sediment  load.  A  decrease  in  walleye  recruitment  was 
correlated  with  turbidity  Increase  in  Saginaw  Bay  by  Schneider  and  Leach 
(1977).  El-Zarka  (1959)  found  growth  rates  to  be  negatively  correlated  with 
turbidity  for  young-of-the-year  yellow  perch.  Correlation  does  not  imply  a 
direct  cause  and  effect  relationship  between  variables  but  simply  is  an 
Indication  of  covariance.  Also,  responses  observed  by  fish  are  quite  likely 
a  function  of  suspended  sediments  since  turbidity  is  an  optical  property 
of  water.  Suspended  sediment  levels  have  been  documented  to  affect  fish, 
though  very  high  concentrations  are  normally  required  to  produce  significant 
damage.  Fine  particles  of  suspended  sediment  can  coat  fish  gills  and  at  high 
concentrations  may  alter  the  hematological  response  to  reduced  gas  exchange  on 
gill  lamellae  (Sherk  et  al.  1974).  Impedance  of  water  flow  may  secondarily 
effect  excretion  and  salt  balance  when  gill  lamellae  become  covered  with 
sediment  particles  (Cordone  and  Kelley  1961).  Stem  and  Stickle  (1978) 
indicate  that  juvenile  fish  may  be  more  sensitive  to  suspended  solids  due  to 
their  higher  ratio  of  gill  surface  area  to  body  size  and  elevated  metabolic 
rate.  Wilber  (1971)  states  that  fish  that  are  visual  feeders  may  be  less 
successful  in  response  to  reduced  light  penetration.  Cisco  over-winter  in  the 
St.  Marys  and  are  numerically  abundant  throughout  the  system.  Reduced  feeding 
success  may  affect  growth  and,  secondarily,  fecundity.  Yellow  perch  and  pike 
may  also  be  affected  to  a  lesser  extent. 

Ice  breaking  and  vessel  passage  through  the  river  also  could  extend  the 
depth  of  the  ice  pack  in  areas  immediately  adjacent  to  the  navigation  channel 
by  pushing  flow  ice  under  the  off-channel  ice  pack  (Keith  Kraal,  personal 
communication) .  In  shallow  near-channel  habitats  of  the  river  fish  movement 
patterns  may  be  altered  or  suspended.  Winter  data  from  gill  net  catches 
indicate  fish  movement  to  be  higher  in  the  near  channel  area.  Burbot  appear 
to  travel  both  the  ship  channel  and  near  channel  area  (personal  observation 
and  conversations  with  sport  fishermen) .  Cisco  move  along  the  ship  channel 
margin  during  winter.  Movement  patterns  and  rates  for  these  species  may  be 
altered  by  winter  shipping.  The  majority  of  northern  pike,  perch  and  cisco 
captured  during  winter  were  females,  indicating  greater  movement  for  female 
fish  in  winter,  possibly  as  a  response  to  higher  feeding  rates.  Off-channel 
vessel-created  ice  obstructions  may  block  or  obstruct  fish  movement,  limiting 
foraging  areas  available  and  possibly  increasing  energy  expenditures. 

Increased  metabolic  cost  by  increasing  search  time  may  be  reflected  in  lowered 
fecundity  and/or  growth  rates. 

Alteration  of  fish  movement  patterns  during  both  winter  and  open  water 
periods  in  the  Middle  Neebish  Channel  due  to  habitat  alteration  and  off- 
channel  ice  obstructions  is  likely  to  occur.  Immediate  effects  on  juvenile  and 
adult  fishes  do  not  appear  substantial.  However,  disruption  or  abandonment 
of  spawning  and/or  foraging  grounds,  altered  diel  and  seasonal  movement 
patterns,  and  affects  on  specific  stocks  of  fish  utilizing  areas  adjacent  to 
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the  navigation  channel  may  not  manifest  themselves  for  some  time.  Current 
sampling  techniques  should  be  replicated  In  areas  subjected  to  winter  ship 
traffic  to  determine  and  verify  any  changes  In  fish  abundance,  movement,  and 
indicators  of  stock  composition  and  condition  (sex  ratio,  age  structure,  food 
habits,  growth  rates,  and  fecundity  of  spring  spawning  fish) . 

Small  Mesh  Trap  Nets 

The  upper  littoral  zone  of  the  St.  Marys  River  supports  an  extensive  and 
diverse  fish  community.  A  wide  size  and  age  range  of  fishes  were  found  in 
this  zone,  although  most  Individuals  were  juveniles.  The  shallow  water  of  the 
upper  littoral  zone  Is  a  nursery  area  for  several  important  sport  and  forage 
fishes.  ThA  Importance  of  the  littoral  zone  to  fish  larvae  in  the  St.  Marys 
River  has  been  previously  reported  (Liston  et  al.  1981). 

Sport  fishes  that  utilize  this  zone  as  a  nursery  area  Include:  black 
crappie,  blueglll,  brown  bullhead,  largemouth  bass,  northern  pike,  pumpkinseed, 
rock  bass,  smallmouth  bass,  white  sucker  and  yellow  perch.  The  emergent 
vegetation  Is  Important  to  these  juvenile  fishes.  Aquatic  macrophytes  are  a 
major  component  of  primary  production  in  the  St.  Marys  River  (Liston  et  al. 

1980)  and  overall  productivity  is  enhanced  by  invertebrate  colonization  of  the 
attachment  sites  and  grazing  surfaces  provided  by  the  plants  (Swanson  et  al. 
1979;  Gerrlsh  and  Bristow  1979;  Keast  1968).  This  results  in  large  inverte¬ 
brate  populations  available  as  food  for  the  juvenile  fish.  The  emergent 
vegetation  also  provides  cover.  Macrophytes  are  reported  to  provide  cover  for 
both  predator  and  prey  (Gerrlsh  and  Bristow  1979;  Werner  et  al.  1978).  As 
the  juvenile  sport  fish  attain  larger  sizes  (75  -  125  mm)  they  generally  move 
offshore.  However,  brown  bullhead,  northern  pike,  rock  bass,  and  white  sucker 
adults  regularly  use  the  upper  littoral  zone  as  a  feeding  area. 

The  most  abundant  forage  fishes  found  in  the  upper  littoral  zone  included 
the  bluntnose  minnow,  common  shiner,  golden  shiner,  mimic  shiner,  sand  shiner, 
and  spottall  shiner.  Younger  (<100  mm)  cyprinids  are  generally  found  in 
shallower  waters  than  older  individuals  (Moyle  1973) .  Mature  cyprinids  were 
also  commonly  found  in  the  upper  littoral  zone  suggesting  the  importance  of 
this  habitat  to  all  age  groups. 

Considerable  annual  variation  in  species  abundance  was  apparent.  This 
variability  was  largely  a  result  of  changes  in  year  class  strength.  Year  class 
failure  of  a  particular  species  may  or  may  not  be  related  to  the  effects  of 
commercial  navigation.  If,  however,  populations  of  certain  species  are 
consistently  larger  in  comparable  areas  not  exposed  to  the  effects  of  commercial 
navigation  (Lake  George) ,  then  populations  in  the  navigated  areas  are  being 
impacted.  Populations  of  several  sport  fish  appeared  to  be  numerically  larger 
in  Lake  George  than  Navigation  Course  5  during  1981.  These  species  included 
yellow  perch,  smallmouth  bass,  largemouth  bass,  northern  pike  and  white  sucker. 
Brown  bullhead  and  bluegill  populations  appeared  to  be  greater  in  Navigation 
Course  5  than  Lake  George  during  1981.  Average  Lake  George  collections 
(CPE  *  326.9)  were  much  larger  than  Navigation  Course  5  collections  (CPE  =  68.7) 
due  to  the  abundance  of  both  sport  and  forage  fish  in  Lake  George. 
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The  effects  of  the  proposed  extension  of  the  shipping  season  on  the  fish 
comomnity  of  the  upper  littoral  zone  are  speculative.  Turbulence  under  ice 
cover  front  passing  vessels  may  directly  Injure  fish  or  disrupt  normal  behavior. 
Normal  behavior  may  also  be  affected  by  Increases  In  turbidity.  Activity  of  the 
largemouth  bass  has  been  reported  to  be  substantially  reduced  by  Increases  In 
turbidity  (Helmstra  et  al.  1969).  Green  sunflsh  activity  was  also  reduced 
slightly  and  evidence  suggests  that  normal  social  hierarchies  were  disturbed  by 
increased  turbidities  (Helmstra  et  al.  1969).  Feeding  behavior  may  also  be 
Influenced  by  Increases  In  turbidity.  Turbidity  significantly  reduced  feeding 
rates  but  not  size  selectivity  of  bluegllls  (Gardner  1981).  It  has  also  been 
suggested  that  mobile  zooplankton  may  be  favored  by  higher  turbidities  because 
they  can  rapidly  move  out  of  sight  of  predators  (Gardner  1981).  Exposure  to 
adverse  conditions  for  short  time  periods  may  be  tolerated  by  some  species 
better  than  others  and  the  effects  of  chronic  exposure  are  uncertain  (Stern 
and  Stickle  1978) .  Ice  scouring  of  over-wintering  root  systems  of  emergent 
macrophytes  during  periods  of  season  extension  could  reduce  available  habitat 
for  many  species  found  In  the  upper  littoral  zone.  Many  fish  species  prefer 
areas  containing  certain  vegetation  types  and/or  densities  (Moyle  1973; 

McCarraher  1972;  McCann  1959) .  The  Impact  of  these  possible  effects  will  vary 
with  different  species.  Therefore,  the  impact  of  the  proposed  season  extension 
and  pertinent  biological  Information  of  numerically  and  ecologically  important 
species  are  discussed  below. 

Blueglll.  The  upper  littoral  zone  of  the  St.  Marys  River  is  a  nursery  area 
for  blueglll.  Very  few  (<2%)  blueglll  older  than  young-of-the-year  were  taken 
by  any  gear,  suggesting  predation  and/or  emigration.  Blueglll  were  not  found  in 
stomachs  from  northern  pike,  walleye,  and  yellow  perch  (Liston  et  al.  1981). 
However,  the  predatory  fish  examined  may  not  have  been  taken  from  the  extremely 
shallow  areas  frequented  by  the  young  blueglll.  In  another  study,  heavy 
utilization  of  small  bluegllls  by  yellow  perch  during  the  winter  reduced  the 
blueglll  population  significantly  (Moffett  and  Hunt  1943).  Older  blueglll  may 
also  move  away  from  the  shipping  channel  Into  low  current  areas.  Adults  are 
generally  found  in  heavily  vegetated  slowly  flowing  areas  of  rivers  due  to 
their  body  shape  and  feeding  behavior  (Scott  and  Crossman  1973;  Keast  and  Webb 
1966). 

Blueglll  collections  in  the  small  mesh  trap  nets  were  greater  in  1980  than 
1981  indicating  year  class  variation.  Abundance  of  young-of-the-year  bluegllls 
has  been  reported  to  vary  considerably  from  year  to  year  (Mayhew  1956) .  A  poor 
1981  year  class  In  Lake  George  was  probably  responsible  for  the  relatively  low 
catches  there. 

Bluegllls  are  generalized  feeders  but  rely  primarily  on  cladocerans  and 
ephemeropterans  during  the  winter.  The  amount  of  food  consumed  by  bluegllls 
during  winter  is  small  compared  to  summer.  This  reduction  in  food  Intake  has 
been  attributed  to  a  lower  metabolic  rate  during  winter  (Moffett  and  Hunt 
1943) .  During  the  winter,  blueglll  may  congregate  in  deeper  water  than  during 
the  summer  (Scott  and  Crossman  1973). 

Bluegllls  favor  vegetated  areas  and  consequently,  reduction  of  macrophytes 
could  reduce  optimal  blueglll  habitat.  Possible  increases  in  suspended  solids 
In  the  water  column  due  to  vessel  passage  may  interfere  with  the  lower  winter 
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food  Intake  of  bluegills.  Turbidity,  caused  by  clay  particles,  has  signifi¬ 
cantly  reduced  feeding  rates  but  not  size  selectivity  of  bluegills  (Gardner 
1981).  A  lowered  food  Intake  during  a  period  of  Increased  stress  could  affect 
both  survival  and  growth  of  bluegills. 

Yellow  Perch.  The  upper  littoral  zone  of  the  St.  Marys  River  is  extensively 
utilized  by  young-of-the-year  and  age  I  yellow  perch.  Although  young  yellow 
perch  are  generally  found  In  shallower  water  than  older  fish,  larger  Individuals 
were  also  found  in  the  upper  littoral  zone.  Age  I  yellow  perch  apparently  move 
out  of  the  littoral  zone  to  deeper  water  in  late  summer.  Although  yellow  perch 
were  taken  throughout  the  river  they  were  most  abundant  in  Navigation  Course 
7  and  Lake  George. 

Yellow  perch  are  diurnal  (Keast  and  Welsh  1968)  and  consequently  catches 
in  the  small  mesh  trap  nets  during  the  day  were  larger  than  collections  at 
night.  Collections  varied  considerably  from  1980  to  1981.  Catches  were 
greater  at  Navigation  Courses  7  and  9  but  were  lower  at  Navigation  Course  5 
in  1981. 

During  the  winter,  large  juvenile  and  adult  yellow  perch  were  found 
mainly  in  shallow  water  where  they  fed  on  insect  larvae  (Liston  et  al.  1981). 
Young-of-the-year  apparently  over  winter  in  very  shallow  water  and  continue  to 
feed  on  zooplankton  and  other  small  invertebrates  (Hansen  and  Wahl  1981; 

Keast  1968).  Turbulence  from  passing  vessels  during  this  period  may  affect 
yellow  perch  growth  and  survival.  Growth  rates  of  young-of-the-year  yellow 
perch  have  been  found  to  be  negatively  correlated  with  turbidity  values 
(El-Zarka  1959) .  Yellow  perch  populations  in  a  body  of  water  have  also  been 
reported  to  decrease  when  turbidity  values  increased  (Scott  and  Crossman  1973). 

Reduction  of  vegetation  in  a  body  of  water  has  also  been  linked  to 
reductions  in  yellow  perch  populations  (Scott  and  Crossman  1973).  Possible 
scouring  by  ice  of  the  upper  littoral  zone  during  the  proposed  season  extension 
may  reduce  the  emergent  vegetation  of  the  St.  Marys  River. 

Yellow  perch  are  a  key  component  in  percid  communities  found  in  northern 
boreal  lakes  (Ryder  and  Kerr  1978) .  In  addition  to  being  an  important  sport 
fish,  they  also  provide  forage  for  walleye  (Kelso  and  Ward  1977).  Any 
reduction  of  yellow  perch  populations  on  the  St.  Marys  River  may  also  impact 
walleye  populations. 

Northern  Pike.  Northern  pike  were  commonly  taken  in  the  upper  littoral 
zone  by  the  small  mesh  trap  nets.  Several  age  groups  of  pike  were  present  and 
these  fish  were  apparently  feeding  on  the  forage  fish  found  in  the  emergent 
vegetation. 

Northern  pike  were  more  abundant  in  the  upper  littoral  zone  of  Lake  George 
than  the  other  areas.  During  the  periods  of  the  proposed  season  extension 
northern  pike  would  be  active  and  feeding.  Winter  food  intake  of  northern  pike 
is,  however,  lower  than  food  intake  at  other  times  of  the  year  (Diana  and  Mackey 
1979;  Keast  1968).  This  species  consumes  enough  food  that  it  may  effect  the 
populations  of  other  vertebrates  in  its  habitat  (Scott  and  Crossman  1973).  This 
important  sport  fish  could  be  adversely  impacted  if  populations  of  forage  fishes 
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in  the  upper  littoral  zone  are  reduced.  Reduction  of  certain  types  of 
'^^getation  in  the  upper  littoral  zone  may  affect  northern  pike  spawning 
success.  Northern  pike  are  reported  to  prefer  certain  species  of  macrophytes 
for  spawning  (McCarraher  1972) . 

Brown  Bullhead.  Brown  bullheads  extensively  use  the  upper  littoral  zone 
of  the  St.  Marys  River.  Brown  bullheads  appeared  to  be  more  abundant  In 
Navigation  Courses  5,  7  and  9  during  1981  than  1980.  A  strong  1981  year  class 
may  account  for  this  increase  but  bullheads  of  all  sizes  use  the  upper  littoral 
zone.  Brown  bullheads  were  taken  In  greatest  numbers  during  the  spring  and 
fall.  Winter  brown  bullhead  behavior  is  unknown  but  they  are  characterized 
as  moderate  winter  feeders.  During  the  winter  they  rely  primarily  on  clad- 
oceranst  amphlpods,  ostracods,  chlronomlds  and  fish  (Keast  1968) .  Bullheads 
are  nocturnal  and  use  their  chemotactlle  barbels  to  locate  food  (Keast  and 
Welsh  1968;  Keast  and  Webb  1966).  This  behavior  explains  the  large  night 
collections  in  the  small  mesh  trap  nets  and  small  collections  during  the  day. 

Brown  bullhead  are  considered  an  environmentally  tolerant  species  (Scott 
and  Crossman  1973) .  They  do  not  appear  to  have  been  dramatically  affected  by 
commercial  navigation  and  are  currently  more  abundant  at  one  navigated  area 
(Navigation  Course  5)  than  the  non-navlgated  area  (Lake  George) .  Reduction 
of  emergent  vegetation  would  expose  young  to  predation  but  Increases  in 
suspended  solids  could  favor  this  species. 

White  Sucker.  The  upper  littoral  zone  of  the  St.  Marys  River  is  a  nursery 
area  for  white  suckers.  White  suckers  were  collected  in  greatest  numbers  by 
the  trap  nets  in  Navigation  Course  7  but  they  were  abundant  throughout  the  St. 
Marys  River.  White  suckers  were  taken  in  greatest  numbers  in  the  upper  littoral 
zone  during  the  summer  and  fall  due  to  recruitment  of  young-of-the-year .  Age 
I  white  suckers  were  also  found  in  the  upper  littoral  zone  during  the  spring 
indicating  that  at  least  some  of  the  juvenile  white  suckers  remain  in  shallow 
areas  during  the  winter.  Although  most  were  young-of-the-year  and  age  I  fish, 
older  white  suckers  were  also  collected.  Mature  white  suckers  are  reported 
to  frequent  shallow  water  in  addition  to  deeper  areas  (Kavaliers  1980) .  The 
adult  fish  are  probably  feeding  on  the  benthic  invertebrates  found  in  the 
littoral  zone.  Juvenile  white  suckers  also  feed  on  the  benthic  invertebrates 
of  the  littoral  zone  and  may  utilize  the  emergent  vegetation  for  cover  to 
avoid  predation.  Young-of-the-year  white  suckers  are  largely  restricted  to 
the  littoral  zone  while  some  older  juvenile  suckers  move  to  deeper  waters 
where  they  have  been  collected  in  the  trawls  (Liston  et  al.  1981). 

White  suckers  may  fill  an  important  role  in  energy  transfer  between 
trophic  levels  in  the  St.  Marys  River  (Liston  et  al.  1981).  White  suckers 
feed  predominately  on  small  benthic  invertebrates  such  as  amphipods,  chironomids 
and  zooplankton  (Koehler  1979) .  They  also  may  constitute  a  large  portion  of 
the  diet  of  northern  pike,  muskellunge,  basses,  walleye  and  burbot  (Scott  and 
Crossman  1973). 

In  addition  to  providing  forage  for  large  predatory  sport  fish,  white 
suckers  also  provide  a  recreational  fishery  during  their  annual  spawning  run 
into  the  tributaries  of  the  St.  Marys  River.  The  white  sucker  is,  however. 
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generally  considered  a  species  that  is  underutilized  by  sport  and  commercial 
fisheries  (Galloway  and  Kevem  1976) . 

Extension  of  the  commercial  navigation  season  could  affect  white  suckers 
in  two  ways.  Reduction  of  emergent  macrophyte  beds  would  reduce  available 
cover  and  foraging  habitat  for  adults  and  Juveniles.  Young-of-the-year  and 
age  I  white  suckers  apparently  are  present  in  the  upper  littoral  zone  during 
the  extension  periods  and  turbulence  under  ice  cover  from  passing  vessels 
could  affect  survival  and  habitat  utilization. 

Spottail  Shiner.  Spottall  shiner  is  a  common  Great  Lakes  species  that  is 
very  abundant  in  the  upper  littoral  zone  of  the  St.  Marys  River.  This  species 
is  generally  found  in  greatest  numbers  in  areas  of  moderate  amounts  of 
submergent  vegetation  (McCann  1959) .  In  certain  areas  of  the  Great  Lakes,  the 
spottall  shiner  may  have  ecologically  replaced  the  emerald  shiner  (Wells  and 
McLain  1973).  In  the  St.  Marys  River,  this  species  was  taken  throughout  the 
littoral  zone  by  trap  nets  and  trawls. 

This  species  was  collected  in  greatest  numbers  during  the  summer  in  both 
the  navigated  and  non-navigated  sampling  areas.  Spottail  shiners  were  taken 
in  considerably  greater  numbers  in  Lake  George  than  Navigation  Courses  5,  7  and 
9.  If  current  commercial  navigation  has  impacted  spottall  shiner  populations 
the  mechanism  is  unknown.  The  greater  Lake  George  collections  appeared  to  be 
due  to  a  large  year  class  that  was  not  present  to  the  same  degree  in  the  other 
sampling  areas.  Although  most  individuals  were  young-of-the-year  or  age  I, 
older  fish  were  also  commonly  taken. 

The  winter  habits  of  the  spottail  shiner  are  poorly  described  and  conse¬ 
quently  the  impacts  of  the  proposed  season  extension  are  speculative.  This 
species  prefers  vegetated  areas  and  reductions  in  those  areas  would  have  an 
impact.  This  species  is  also  considered  an  important  component  of  the  walleye 
food  chain  in  some  areas  (Smith  and  Kramer  1964)  and  the  walleye  is  an 
Important  sport  fish  in  the  St.  Marys  River. 

CoTimion  Shiner.  The  common  shiner  was  very  abundant  in  the  upper  littoral 
zone  of  Lake  George.  This  species  was  also  taken  in  the  navigated  sampling 
areas,  but  in  lesser  numbers.  Most  common  shiners  were  young-of-the-year. 

Young  common  shiners  are  reported  to  frequent  extremely  shallow  waters  while 
older  individuals  prefer  waters  1  to  4  meters  deep  (Moyle  1973) . 

This  species  is  considered  an  opportunist  and  may  take  advantage  of  an 
unexploited  food  supply  following  the  year  class  failure  of  other  cyprlnids 
(Moyle  1973;  Starrett  1950) .  Although  this  could  explain  the  relatively  large 
population  of  common  shiners  in  Lake  George,  it  is  also  possible  that  common 
shiners  are  being  impacted  by  commercial  navigation.  If  the  latter  is  true, 
the  mechanism  is  unknown  at  the  present  time.  This  species  was  most  abundant 
during  the  summer.  Winter  habits  are  poorly  described.  Any  Impact  on  sub¬ 
merged  macrophytes  could  be  Important  to  this  species  because  adult  common 
shiners  are  reported  to  select  certain  macrophytes  (Chara  sp.)  to  school 
over  (Moyle  1973) . 
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Bluntnose  Minnow.  Bluntnose  minnows  were  abundant  In  both  the  non- 
navlgated  area  (Lake  George)  and  Navigation  Courses  7  and  9.  The  large  day 
collections  and  the  small  collections  taken  during  the  night  are  due  to  this 
minnow's  behavior.  Bluntnose  minnows  are  Inactive  at  night  resting  on  the 
bottom  while  during  the  day  they  are  active  plant  and  bottom  feeders  (Itoyle 
1973) . 

The  large  summer  catches  could  be  due  to  greater  activity  during  periods 
of  warm  water  temperatures  or,  bluntnose  minnows  may  move  to  slightly  deeper 
water  when  water  temperatures  cool.  Bluntnose  minnows  are  generally  found  in 
water  from  1  to  4  meters  In  depth  and  the  small  mesh  trap  nets  were  not 
sampled  deeper  than  1.5  meters.  During  the  winter  bluntnose  minnows  are 
reported  to  remain  close  to  the  bottom  and  feed  largely  on  algae  (Moyle  1973) . 

Bl\jntnose  minnows  were  more  abundant  In  1981  than  during  1980  In  Navigation 
Courses  7  and  9.  A  strong  year  class  might  account  for  these  differences. 

Other  research  (Moyle  1973)  Indicates  that  the  lengths  of  bluntnose  minnows 
represented  In  the  small  mesh  trap  nets  would  correspond  to  ages  0  -  III. 
Although  bluntnose  minnows  use  both  vegetated  and  open  areas,  the  majority 
of  the  population  Is  generally  scattered  In  small  schools  throughout  the 
macrophyte  region  (Moyle  1973) .  These  minnows  are  considered  a  forage  species 
for  yellow  perch  and  centrarchlds  (Scott  and  Crossman  1973) . 

Bluntnose  minnows  may  remain  In  the  shallow  water  areas  adjacent  to  the 
shipping  channels  during  the  periods  of  the  proposed  season  extension.  Turbu¬ 
lence  could  affect  winter  survival  and  ability  of  this  minnow  to  feed. 

Alteration  of  macrophyte  beds  would  also  reduce  the  preferred  habitat  for  this 
species. 

Many  other  species  were  connnonly  found  in  the  upper  littoral  zone  of  the 
St.  Marys  River.  Juvenile  black  crapple,  largemouth  bass,  pumpklnseed,  rock 
bass  and  smallmouth  bass  are  sport  fish  that  also  utilize  the  upper  littoral 
zone  as  a  nursery  area.  Several  other  forage  species  were  also  taken  suggesting 
habitat  complexity.  Any  degradation  of  this  zone  by  winter  shipping  activities 
would  also  likely  Impact  on  these  species. 

Trawls 


The  following  discussion  concerns  the  biology  of  those  species  of  import  \nce 
in  the  trawl  samples  that  were  not  adequately  sampled  with  other  gears.  A 
possible  stress  imposed  on  these  populations  by  winter  navigation  could  be 
disruption  of  spawning  habitat,  and  each  species  is  susceptible  to  such  stress 
in  varying  degrees.  The  species  sampled  by  the  trawl  are  all  spring  or  summer 
spawners,  thus  there  is  no  danger  of  actual  egg  destruction  by  winter  shipping 
but  rather  the  problem  lies  in  Che  possible  disruption  of  submergent  and 
emergent  macrophyte  beds  which  are  the  spawning  sites  for  certain  species. 

Also,  increased  sedimentation  may  cause  added  mortalities  to  eggs  or  larvae. 

Johnny  darters  tend  to  inhabit  areas  of  sand  and  gravel  bottom,  and  are 
known  to  spawn  on  the  underside  of  rocks  or  other  structures  (Winn  1958) . 
Therefore  they  are  not  likely  to  be  directly  affected  by  loss  of  plant  beds. 
Johnny  darters  do  provide  some  forage  for  such  species  as  burbot,  smallmouth 
bass  and  walleye  (Scott  and  Crossman  1973). 
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Ninesplne  sticklebacks  spawn  strictly  In  aquatic  plant  beds,  building  and 
guarding  a  nest.  Populations  of  sticklebacks  could,  then,  be  reduced  by  loss 
of  macrophyte  beds.  They  are  Important  Items  In  the  diet  of  walleye,  yellow 
perch  and  burbot  (Dymond  1926;  Rawson  1957)  and  thus  a  decline  In  ninesplne 
nuiid>ers  could  lead  to  a  reduction  in  growth  or  numbers  of  some  Important  game 
species  present  In  the  St.  Marys. 

Trout-perch  spawning  habits  are  not  well  known  but  they  have  been  observed 
entering  shallow  rocky  streams  In  north-central  Manitoba  (Lawler  1954)  and 
spawning  over  a  sand  and  gravel  bottom  in  Bed  Lake,  Minnesota  (Magnuson  and 
Smith  1963) .  Spawning  was  not  associated  with  macrophyte  beds .  Trout-perch 
were  found  to  be  Important  In  the  diet  of  northern  pike  (Lawler  1954)  and  of 
walleye  (Magnuson  and  Smith  1963)  so  that  any  change  in  the  population  could 
have  an  Impact  on  economically  Important  species. 

Yellow  perch  spawning  Is  almost  always  near  rooted  vegetation.  Eggs  are 
scattered  but  adhere  to  vegetation  or  at  times  to  the  bottom,  and  loss  of 
vegetation  may  be  detrimental  to  the  perch  population.  Yellow  perch  have  been 
observed  In  stomachs  of  various  centrarchids  including  largemouth  and  small- 
mouth  bass,  walleye,  sauger,  other  yellow  perch,  northern  pike  and  muskellunge 
(Scott  and  Crossman  1973),  and  thus  provide  a  very  Important  forage  base. 

Spottall  shiners  are  also  Important  prey  for  many  species  of  economic 
Importance.  Spawning  takes  place  In  spring  and  early  summer  over  sandy  shoals, 
however,  so  that  loss  of  aquatic  plants  Is  not  likely  to  have  a  direct  impact 
on  spawning  success. 

Both  the  mottled  sculpln  and  slimy  sculpln  spawn  under  rocky  overhangs  or 
other  structures  during  spring  (Ricker  1934;  Roster  1936;  Bailey  1952;  Savage 
1963).  Like  the  johnny  darters  they  tend  to  Inhabit  open  areas  of  sand  and 
gravel.  Again,  loss  of  macrophyte  beds  Is  not  likely  to  have  direct  Impact 
on  these  species.  Sculplns  do  provide  forage  for  games  species  and  have  been 
observed  In  stomachs  of  pike  and  burbot. 

Mimic  shiners  spawn  In  early  summer.  Black  (1945)  speculated  that  spawn¬ 
ing  takes  place  over  aquatic  vegetation  at  depths  of  15  to  20  feet  but  accurate 
observations  are  not  available,  and  the  Importance  of  vegetation  to  spawning 
success  Is  unknown.  Black  (1945)  also  observed  that  the  primary  predators  on 
the  mimic  shiner  population  In  Shiner  Lake,  Indiana  were  largemouth  and 
smallmouth  bass.  Mimic  shiners  are  quite  probably  prey  to  other  game  species 
in  the  St.  Marys  River  such  as  northern  pike,  walleye  and  yellow  perch. 

Logperch  have  been  observed  to  spawn  In  early  summer  over  sandy  shoals, 
where  the  eggs  were  burled  In  sand  (Winn  1958) .  Aquatic  vegetation  was  not 
of  direct  importance  to  spawning  success.  Game  species  known  to  prey  on 
logperch  Include  walleye  (Raney  and  Lochner  1942)  and  northern  pike  (Greeley 
1927). 

Spawning  success  of  rainbow  smelt  should  not  be  substantially  affected  by 
winter  navigation  as  this  species  spawns  In  spring,  primarily  In  tributaries 
to  the  St.  Marys  River,  although  some  activity  may  occur  in  the  river  proper. 
Smelt  are  quite  important  economically  as  they  are  an  important  game  species 


and  In  addition  provide  substantial  forage  for  other  game  species.  Any 
significant  stress  to  the  smelt  population  could  have  considerable  effect  on 
the  St.  Marys  fisheries  as  a  whole. 


In  summary,  three  of  the  major  species  captured  by  trawl,  nlnesplne  stickle¬ 
back,  yellow  perch  and  mimic  shiners,  may  be  directly  affected  by  reduction  of 
macrophyte  beds.  All  species  could  be  affected  by  increased  deposition  of 
sediment  on  spawning  substrates  If  such  should  occur.  All  species  are 
Important  directly  as  game  fish  or  Indirectly  to  some  degree  as  a  forage  base 
for  game  fish.  Disruption  of  macrophyte  beds  and  Increased  sedimentation,  both 
possible  effects  of  winter  navigation,  could  lead  to  reduction  In  fish  popula¬ 
tions,  but  any  discussion  of  such  losses  should  be  tempered  with  considerations 
of  compensation  by  the  populations  in  question.  Decreased  reproduction  may  lead 
to  Increased  survival  of  fry  of  successful  spawners.  Also  to  be  considered  is 
the  Importance  of  the  diverse  habitat  available  In  the  St.  Marys  River  system. 
Reduction  of  fish  production  from  one  area  may  be  off-set  by  Immigration  from 
other  sites,  provided  that  sufficient  fish  habitat  remains  unaffected  by  winter 
navigation  activities. 

Impacts  from  winter  navigation  on  the  fish  communities  sampled  by  trawls 
Is  speculative  at  this  stage.  General  effects  from  shipping  appear  to  result 
In  a  somewhat  less  diversified  and  less  abundant  fish  community,  as  indicated 
from  shipping  vs.  non-shlpplng  channel  comparisons  made  In  this  report. 

Additional  shipping  and  further  physical  disturbance  of  the  St.  Marys  River  may 
be  expected  to  negatively  Impact  fish  communities,  but  the  degree  and  signif¬ 
icance  of  the  Impact  remains  conjectural.  Quantitative  measures  of  fish 
abundance  (catch  per  standardized  effort)  and  measure  of  species  specific 
biological  parameters  (l.e.  age  and  length  composition,  food  habits)  now 
established  under  baseline  conditions  require  extended,  replicated,  study  In 
the  face  of  future  winter  shipping  to  discern  the  significance  of  any  Impacts. 


PHYSICAL  AND  CHEMICAL  ASPECTS 

Water  Chemistry,  Temperature  and  Turbidity 

Water  Temperature.  The  Importance  of  water  temperature  to  aquatic 
organisms  is  well  documented,  and  several  authors  have  compiled  extensive 
bibliographies  on  temperature  and  aquatic  organism  relationships  (Raney  and 
Menzel  1969;  Beltz  et  al.  1974).  Classification  of  aquatic  systems  with 
typical  assemblages  of  flora  and  fauna  may  be  based  upon  water  temperature 
regimen. 

Water  temperatures  along  the  shoreline  were  warmer  than  offshore  waters  in 
spring  and  summer  but  cooler  than  offshore  waters  in  fall.  Offshore  temperatures 
in  the  St.  Marys  River  are  influenced  primarily  by  Lake  Superior  (Liston  et  al. 
1980)  whereas  the  nearshore  (shallower)  water  temperatures  appear  to  be  con¬ 
trolled  by  climatic  conditions  (Liston  et  al.  1981).  This  nearshore-offshore 
temperature  stratification  regimen  probably  plays  an  important  role  in  the 
seasonal  distributions  of  aquatic  flora  and  fanua  in  the  St.  Marys  River. 
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Maximum  water  temperatures  were  recorded  during  August  through  early 
September.  The  higher  maximum  temperatures  occurring  later  In  the  season  In 
Lake  George,  compared  to  the  other  sites.  Is  probably  due  to  the  extensive 
shallow  area  along  the  southern  portion  of  Lake  George  producing  water 
temperatures  which  were  more  susceptible  to  climatic  conditions. 

Dissolved  Oxygen.  Dissolved  oxygen  measurements  generally  remained  at 
high  levels  with  the  lowest  values  occurring  during  summer  In  the  nearshore 
areas.  These  lower  values  may  be  attributed  to  the  higher  water  temperatures 
during  svunmer  as  well  as  samples  being  taken  at  night,  during  fish  sampling, 
when  lower  dissolved  oxygen  levels  may  be  expected  due  to  respiration.  Oxygen 
levels  were  generally  similar  to  those  reported  from  Lake  Nlcolet  by  Kenaga 
(1979). 

Turbidity.  Presentation  of  turbidity  results  have  been  confusing  In  the 
past  and  to  date  are  often  misunderstood.  To  quote  APHA  (1971)  "turbidity 
should  be  clearly  understood  to  be  an  expression  of  the  optical  property  of  a 
sample  which  causes  light  to  be  scattered  and  absorbed  rather  than  transmitted 
In  a  straight  line".  The  14th  edition  of  Standard  Methods  adopted  the  Nephelo¬ 
metric  turbidity  unit  as  a  standard  expression  (Hach  1974) .  Turbidity  Is 
often  erroneously  expressed  as  ppm.  Accordingly,  turbidity  values  reported 
are  in  MTU's. 

Increased  turbidities  in  the  different  areas  and  seasons  are  related  to 
depth  and  wind  action.  The  higher  fall  turbidities  no  doubt  are  a  result  of 
the  strong  winds  characterizing  this  time.  Ice  cover  in  winter  disallows  wind 
Induced  turbulence  such  that  winter  turbidity  is  influenced  mostly  by  Lake 
Superior.  Nearshore  areas,  being  shallow*  are  susceptible  to  wind- induced 
waves  that  resuspend  sediments.  The  extensive  shallow  area  in  Lake  George 
allowed  a  large  area  to  be  affected  by  wind  creating  higher  turbldltes  than  in 
the  other  sites. 

Dissolved  Solids.  The  relatively  low  dissolved  solids  content  at  all 
sites  were  similar  to  previous  dissolved  solids  measurements  reported  for  the 
St.  Marys  River  (Kenaga  1979;  Liston  et  al.  1980).  The  comparable  magnitude 
and  invariability  of  St.  Marys  River  dissolved  solids  content  to  that  of  Lake 
Superior  (Klnkead  and  Chatterjee  1974)  demonstrates  the  dependence  of  this 
parameter  on  Lake  Superior. 

pH.  The  pH  of  water  is  a  measure  of  the  hydrogen  ion  concentration,  and 
may  be  influenced  by  O2  levels,  CO2,  minerals,  and  sediment  character 
(Hutchinson  1957).  The  pH  values  in  the  St.  Marys  River  recorded  during  1981 
had  a  greater  range  (4.9  to  9.2  S.U.)  than  previously  described  by  Liston  et 
al.  1981.  The  pH  values  were  generally  within  the  range  described  for  natural 
waters  (Wetzel  1975) .  The  increasing  variability  in  pH  values  as  the  seasons 
progressed  may  be  attributed  to  diurnal  fluctuations  in  photosynthetic  and 
respiratory  activities  by  plants  (Wetzel  1975).  The  pH  samples,  taken  at 
different  times  of  day  and  night,  would  be  expected  to  be  Influenced  by  plant 
metabolic  activities. 
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Sediment  Chemistry  of  Shipping  and  Non-Shlpplng  Channels 

Results  Indicate  the  sediments  of  Lake  Nlcolet  are  more  polluted  than 
those  of  Lake  George.  Of  the  contamina' -  nresent  In  consistently  detectable 
amounts^  all  except  and  oil  and  grecse  occurred  In  greater  average  amounts 
In  the  shipping  channel  (Lake  Nlcolet)  than  the  non-shlpplng  channel  (Lake 
George).  1^felve  of  the  17  Instances  where  a  parameter  exceeded  moderate 
pollution  criteria  occurred  In  Lake  Nlcolet.  Additionally,  total  volatile 
solids,  COD,  Zn  and  Fe  levels,  while  not  exceeding  moderate  or  heavy  pollutl^^n 
criteria,  were  present  In  substantially  higher  levels  In  Lake  Nlcolet.  TKN, 
NH^-N,  and  Arochlor  1260  (PCB)  were  nominally  higher  there  (Table  43) . 

The  same  six  parameters  (P,  As,  Cu,  total  Cr,  Ni,  Mn)  exceeded  moderate 
or  heavy  pollution  criteria  at  both  sites,  while  those  parameters  considered 
non-polluted  were  so  at  both  sites,  and  those  below  the  level  of  detection 
were  undetectable  at  both  sites.  This  consistency  in  appearance  of  contam¬ 
inants  suggests  both  sites  receive  similar  pollutant  loadings;  apparently 
shipping  activity  does  not  Introduce  additional  substances  Into  the  sediments 
of  L€die  Nlcolet. 

The  consistent  appearance  of  pollutants  could  suggest  shipping  may  affect 
both  sites  via  Inputs  to  the  main  river  above  the  divergence  of  the  channels. 

If  this  were  so,  uniform  contaminant  levels  would  be  expected  up  and  down  the 
shipping  channel.  This  possibility  Is  largely  dlsproven  since  all  parameters 
except  Nl  and  TKN  are  lower  in  the  shipping  channel  above  Sault  Ste.  Marie 
than  in  either  Lake  Nlcolet  or  Lake  George  (Kenaga  1978;  Dames  and  Moore  1978; 
Hamdy  et  al.  1978). 

This  does  not  Imply  shipping  has  no  Impact  upon  the  river  sediments. 
Instead,  shipping  effects  may  manifest  themselves  through  alteration  of  the 
dynamics  of  the  sediment  and  Its  constituents.  The  most  obvious  hydrodynamic 
effect  of  a  freighter's  passage  Is  drawdown.  The  displacement  of  a  moving 
ship  induces  flows  that  cause  the  water  level  to  fall  up  to  60  cm  for  about 
one  minute  (personal  observation).  For  perspective,  these  flows  may  possess 
sufficient  force  to  displace  benthic  macroinvertebrates  (Gleason  et  al.  1979) . 
This  action  may  re-suspend  sediments  and  carry  them  further  downstream,  the 
net  effect  being  removal  of  sediments  from  one  area  and  introduction  of  them  to 
another  area.  Sediment  samples  from  the  sites  In  Lake  Nlcolet  may  represent  a 
"slug"  of  polluted  sediments  moving  through,  while  such  a  "slug"  in  Lake  George 
may  have  passed  or  not  yet  have  arrived.  However,  this  transport  of  sediments 
may  also  be  due  to  the  greater  ambient  current  speeds  In  Lake  Nlcolet  (Table 
46)  and  not  drawdown  currents. 

Contaminant  levels  at  the  two  sites  may  differ  due  to  factors  other  than 
shipping.  Ambient  currents  are  slower  and  water  must  travel  farther  before 
it  reaches  the  sampling  site  In  Lake  George,  so  pollutants  may  fall  out 
prior  to  reaching  those  sampling  sites.  This  concurs  with  the  results  of 
Hamdy  et  al.  (1978),  who  reported  higher  contaminant  levels  In  the  embayments 
upstream  of  Lake  George  than  In  the  Lake  George  channel. 

Sedimentation  rates  In  the  winter  of  1980-81  were  greater  In  Lake  George 
versus  Lake  Nlcolet  (Fleischer  1981).  Industrial  discharge  of  pollutants  has 
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Table  46.  Current  speeds  at  sediment  sampling  sites  In  the  St.  Marys  Rlver^. 


Speed  (cm/s) 

Surface 

Bottom 

West 

8.8 

6.7 

Lake  George 

Channel 

34.2 

28.8 

(non-shipping) 

East 

16.1 

14.2 

West 

15.2 

15.2 

Lake  Nlcolet 

Channel 

39.7 

28.8 

(shipping) 

East 

20.3 

- 

^Current  speeds  measured  with  a  Gurley  current  meter  on  24  July  and  7  August, 
1981. 
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decreased  steadily  since  1974  (Ontario  Ministry  of  the  Environment  1981) . 

These  conditions  may  result  in  new,  cleaner  sediments  burying  older,  more 
contaminated  ones  faster  in  Lake  George  than  in  Lake  Nlcolet.  This  may  give 
the  less  polluted  values  in  Lake  George. 

It  is  likely  that  the  two  channels  receive  different  loadings  for 
various  parameters.  The  only  large  industries  in  the  area  are  Algoma  Steel 
and  Abltlbl  Paper  companies  in  Sault  Ste.  Marie,  Ontario,  and  while  their  main 
trunk-  sewer  is  located  upstream  of  the  channels'  divergence,  complete  mixing 
of  the  effluent  with  river  water  does  not  occur.  Hamdy  et  al.  (1978)  have 
shown  that  Zn,  Fe,  CN,  and  phenols  are  much  higher  along  the  Canadian  shore, 
with  only  small  amounts  of  trans-boundary  movement  occurring.  This  may  cause 
high  levels  for  some  parameters  in  Lake  George.  However,  about  71%  of  the  total 
flow  of  the  St.  Marys  River  is  directed  down  Lake  Nicolet  (Bell  1981). 

Therefore,  while  contaminant  concentrations  may  be  lower  on  the  American  side, 
a  significant  quantity  may  still  be  transported  down  Lake  Nlcolet  due  to  the 
greater  flows  there. 

t 

It  would  be  expected  that  Lake  Nlcolet  would  have  coarser  sediments  due 
to  the  removal  of  the  finer  particles  by  stronger  ambient  currents  and  drawdown 
currents,  but  this  is  not  the  case.  Apparently  the  geology  of  the  two  sites 
determines  the  sediments  present,  for  while  Lake  Nlcolet  has  much  finer 
sediment  particles,  they  are  comprised  of  very  cohesive  clays,  and  thus  are 
not  eroded  away  very  swiftly.  Lake  George,  while  not  having  strong  currents 
does  have  deposits  of  coarse  sands  and  coarser  sediments.  This  situation  has 
important  implications  on  the  chemistry  of  each  site. 

The  processes  by  which  heavy  metals,  nutrients,  and  other  constituents 
transfer  across  the  sediment-water  interface  are  complex  and  not  fully 
understood.  Clay  content,  organic  fraction,  redox  potential,  sediment  pH, 
bacteria  present  and  the  sulfur  and  iron  cycles  are  thought  to  play  Important 
roles  in  these  processes  (Morton  1977).  Allen  (1976)  states  that  metals  may 
combine  with  various  organic  compounds  found  in  natural  waters.  COD  and 
total  volatile  solids  provide  approximations  of  the  total  organic  carbon 
present  in  a  sample  (AFHA  1976),  and  both  these  parameters  were  substantially 
higher  in  Lake  Nicolet.  Furthermore,  clays  are  known  to  preferentially 
adsorb  heavy  metal  ions  (Morton  1977),  and  the  sediments  in  Lake  Nicolet 
tended  to  be  finer  and  contain  more  clays,  especially  when  compared  to  the 
Lake  George  channel  sample.  This  combination  of  a  higher  clay  and  organic 
matter  content  at  Lake  Nicolet  Implies  the  sediments  there  may  attract  and 
retain  metals  and  other  pollutants  better  than  the  sediments  in  Lake  George. 
Additionally,  organic  compounds  frequently  contain  nitrogen  and  phosphorus, 
which  may  account  for  the  higher  levels  of  TKN,  NH^-N  and  total  P  in  Lake 
Nicolet. 

Besides  differences  in  contaminant  levels  between  the  two  lakes,  a 
similar  trend  occurred  within  each  lake  with  the  east  of  channel  sites  being 
non-polluted  and  the  west  of  channel  sites  having  the  polluted  values  (Tables 
43  and  44) .  Lake  George  had  coarser  sediments  on  the  east  side,  and  total 
volatile  solids  (hence  organic  matter)  were  lower  there,  so  metals  may  not 
adsorb  to  those  sediments  as  readily.  COD,  also  an  indicator  of  organic 
matter,  is  in  disagreement  with  this  conclusion.  Lake  Nlcolet  sediments 
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were  nearly  the  same  size  at  both  the  east  and  west  sites,  and  COD  and  total 
volatile  solids  values  were  nearly  equal  as  well,  leaving  no  apparent  explan¬ 
ation  for  the  differences  In  that  case. 

If  winds  In  the  region  are  assumed  to  be  predominantly  westerly  In 
direction  (as  In  the  rest  of  the  U.S.),  the  eastern  shores  of  the  lakes  would 
receive  more  wave  action  than  the  western  shores,  possibly  causing  the 
re-suspension  and  removal  of  sediments  from  the  eastern  shores.  The  coarser 
sediments  In  eastern  Lake  George  support  this  Idea,  but  the  Lake  Nlcolet 
sediments  do  not. 

As  was  mentioned  earlier,  the  clays,  organic  compounds,  redox  potential, 
sediment  pH,  bacteria  and  sulfur  and  Iron  cycles  are  Important  factors  In 
the  release  of  contaminants  from  sediments.  These  were  not  evaluated  In  this 
study.  Lee  and  Plumb  (1974)  emphasize  that  bulk  analysis  of  sediments  cannot 
predict  the  movements  of  pollutants  to  or  from  the  water  column,  and  recommend 
the  elutriate  test  as  a  better  Indicator. 

While  definite  trends  occurred  In  the  data  of  this  study,  several 
Inconsistencies  also  appeared,  demonstrating  the  need  for  more  numerous 
samples.  Phenol  inputs  to  the  river  have  been  documented  (Ontario  Ministry 
of  the  Environment  1981;  Hamdy  et  al.  1978),  and  should  be  Investigated 
further.  In  view  of  this,  a  more  thorough  analysis  and  a  greater  number  of 
uniform  samples  are  required  to  better  explain  the  condition  of  the  St.  Marys 
River  sediments. 
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SUMMARY 


BENTHIC  MACROINVERTEBRATES 

Benthic  macro Invertebrate  sampling  In  the  St.  Marys  River  during  1981  was 
aimed  at  two  objectives.  The  first  objective  was  to  determine  the  extent  of 
annual  variation  exhibited  by  the  benthos  at  a  specific  site.  To  accomplish 
this,  sampling  methods  employed  In  1979  were  replicated  at  Navigation  Courses 
7  and  9  during  1981  Including  sampling  apparatus  (PONAR  grab),  replication 
(60  samples) ,  and  time  of  sampling  (June  and  September) . 

The  second  objective  of  the  benthos  program  was  to  compare  the  fauna 
Inhabiting  a  portion  of  the  river  presently  used  for  navigation  with  a  similar 
environment  not  presently  used  for  commercial  navigation.  Sampling  to  satisfy 
this  objective  was  conducted  bimonthly  from  April  through  December  In  Lake 
George  and  Navigation  Course  5  (Lake  Nlcolet) .  On  each  of  five  sampling 
dates  triplicate  PONAR  grab  samples  were  collected  from  the  three  meter  depth 
zone  while  triplicate  Ekman  grab  and  Gerklng  samples  were  collected  from 
within  the  vegetated  littoral  zone  of  each  area.  Thus,  9  samples  were  collected 
per  area  per  date  or  90  total  samples.  In  addition,  a  portion  of  the  1981 
data  from  Course  5  could  be  compared  with  1979  data.  Other  sampling  during 
1981  consisted  of  six  PONAR  grab  samples  from  within  the  navigation  channel 
of  Course  5  during  winter. 

Estimates  of  total  benthic  macroinvertebrate  abundance  within  Navigation 
Courses  7  and  9  ranged  from  2,016/m2  to  22,340/m2  outside  the  navigation 
channel.  Within  the  navigation  channel  abundance  of  total  benthos  was 
significantly  less  and  ranged  from  980  to  4,186/m2.  Chlronomldae  larvae  were 
the  predominant  taxa  encountered  In  samples  comprising  55.5  -  59.9%  of  the 
total  benthos.  In  all,  87  taxa  were  Identified  In  samples  from  these  two 
navigation  courses.  In  addition  to  Chlronomldae,  the  following  taxa  were 
considered  common:  Ollgochaeta,  Ephemeroptera,  Amphlpoda,  Isopoda,  and 
Trlchoptera. 

Abundance  of  total  benthos  was  greater  at  all  sites  In  1981  than  1979.  At 
Navigation  Course  7  abundances  found  In  June  and  Septend^er  1981  were  132%  and 
122%  those  recorded  during  the  same  period  In  1979.  At  Navigation  Course  9 
total  benthos  abundance  during  June  1981  was  235%  that  found  In  June  1979. 
Abundance  of  total  benthos  at  Course  9  was  almost  equal  during  both  years  In 
September.  Greatest  Increases  In  total  benthos  during  1981  were  found  at 
Course  5.  However,  because  of  limited  replication  these  data  are  considered 
less  reliable  than  data  from  Courses  7  and  9. 


181 


Changes  In  the  taxonomic  composition  of  the  benthos  at  Courses  5,  7  and 
9  from  1979  to  1981  occurred,  but  were  restricted  to  genera  of  Chlronomldae. 
These  shifts  In  the  generic  composition  of  the  Chlronomldae  likely  reflect 
natural  annual  variations  In  timing  of  pupation  and  emergence  of  chlronomlds 
as  predominant  genera  collected  during  both  years  have  similar  water  quality 
requirements. 

Seasonal  average  abundance  of  total  benthos  at  the  three  meter  depth  of 
Course  5  (13»771/m^)  was  greater  than  that  found  In  Lake  George  (9,084/m^). 
Within  the  vegetated  littoral  zone  seasonal  averages  of  total  benthos  were 
similar  In  Course  5  (18,506/m^)  and  Lake  George  (17,915/m^).  While  statisti¬ 
cally  significant,  differences  between  these  sites  exhibited  no  consistent 
pattern. 


Both  Course  5  and  Lake  George  support  similar  benthic  fauna.  Eight- two 
taxa  were  found  In  Course  5  and  seventy-five  taxa  In  Lake  George;  of  these 
fifty-nine  taxa  were  common  to  both  sites.  Although  all  common  taxa  were 
present  In  both  areas,  they  comprised  different  proportions  of  the  total 
benthos.  In  Course  5  Chlronomldae  comprised  55.4%  and  57.3%  of  the  benthos 
at  the  three  meter  depth  and  In  the  littoral  zone,  respectively.  The  second 
most  abundant  taxon  In  Course  5  were  Ollgochaeta.  In  Lake  George  Chlronomldae 
were  also  abimdant  comprising  46.1%  of  the  total  benthos  at  the  three  meter 
depth  and  44.6%  In  the  vegetated  littoral  zone.  However,  the  second  most 
abundant  taxon  was  Ephemeroptera.  In  addition,  mollusks  (pelecypods  and 
gastropods)  were  more  common  In  Lake  George  than  Course  5.  Because  organisms 
common  In  Lake  George  attain  greater  size  than  organisms  common  in  Course  5 
standing  stock  In  Lake  George  was  greater  than  In  Course  5.  Seasonal  average 
standing  crops  In  Lake  George  were  17,183  mg/m^  and  6,688  mg/m^  at  the  three 
meter  depth  and  In  the  littoral  zone,  respectively.  In  Course  5  seasonal 
average  standing  stock  at  the  three  meter  depth  was  6,386  mg/m^  and  In  the 
littoral  zone  was  4,550  mg/m^. 


Estimates  of  benthic  secondary  production  for  15  common  taxa  were  similar 
among  Course  5  and  Lake  George  when  both  habitats  were  considered.  Benthic 
secondary  production  at  Course  5  was  10,704  mg/m^/yr  at  the  three  meter  depth, 
and  11,318  mg/m^/yr  within  the  littoral  zone.  In  Lake  George  secondary 
production  at  the  three  meter  depth  and  in  the  littoral  zone  was  16,046  and 
6,171  mg/m^/yr,  respectively.  Estimates  of  annual  rates  of  production  of  benthos 
are  Important  measures  of  the  potential  for  fish  food  production  In  various 
aquatic  habitats.  Comparisons  of  benthic  productivity  between  navigated  and 
un-navigated  portions  of  the  St.  Marys  were  done  to  observe  possible  changes  in 
production  attributable  to  navigation  In  general. 


AQUATIC  MACROPHYTES 

During  1981,  studies  were  conducted  to  improve  baseline  information  on 
distribution  and  abundance  of  aquatic  vegetation  in  the  St.  Marys  River.  The 
distribution  of  aquatic  plants  along  transects  adjacent  to  Navigation  Course  5 
in  Lake  Nicolet  and  Navigation  Course  7  of  the  Upbound  Neeblsh  Channel,  and  in 
Lake  George,  an  un-navlgated  habitat,  was  mapped.  Dominant  emergent  species 
were  Sclrpus  acutus  (hard  stem  bulrush)  and  Sclrpus  amerlcanus  (three  square 
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bulrush) .  The  tine  of  year  when  stands  of  these  reached  maximum  biomass 
appeared  temperature  dependent.  Shoots  germinated  from  rhizomes  in  April  - 
May  when  water  temperatures  reached  5  -  7°C,  and  required  on  the  order  of  one 
degree  day  per  centimeter  of  water  depth  to  emerge  into  the  atmosphere.  On  a 
site  protected  from  circulation  of  cold  channel  water  into  the  warmer  shore 
zone,  maximum  biomass  was  present  from  15  July  into  September.  On  a  site 
exposed  to  circulation  of  cold  channel  water,  maximum  biomass  was  not  present 
until  after  20  August.  At  maturity,  in  the  most  well  developed  portions  of 
their,  beds,  S^^  acutus  and  S_^  americanus  biomass  was  540  and  272  g  ash-free  dry 
weight  m”2,  respectively.  The  charophytes  (Nitella  flexilis  and  Chara 
globularis) .  and  Isoetes  riparia  (qulllwort)  dominated  submersed  vegetation  on 
transects.  Beds  of  these  plants  tended  toward  nearly  constant  growing  season 
biomass.  Dead  or  dying  tissue  of  the  previous  growing  season  appeared  to  be 
sloughed  at  a  rate  approximately  equal  to  the  rate  of  replacement  of  biomass 
by  new  growth.  In  August  -  September,  beds  of  these  plants  consisted  of  new 
growth.  Biomass  at  that  time  was  50  -  70  g  ash-free  dry  weight  jn“2.  Differ¬ 
ences  between  transects  in  Lake  Nicolet  and  Lake  George  in  regard  to  species, 
their  distributions,  and  biomass  could  not  be  documented  by  this  study.  How¬ 
ever,  the  water  of  Lake  George  was  wan^r  and  thus  provided  a  contrast  for 
evaluating  temperature  control  on  growth  and  development  of  maximum  annual 
biomass. 

Hand  sampling  techniques  were  developed  for  obtaining  biomass  in  sub¬ 
mersed  plant  beds.  Thirty  samples  were  taken  from  beds  of  Nitella  flexilis 
and  Isoetes  riparia  by  hand  and  by  PONAR  dredge.  A  standard  procedure  was 
established  for  converting  data  obtained  by  PONAR  dredge  to  hand-sampled 
equivalents. 

Beds  of  submersed  plants  found  at  the  edge  of  the  Upbound  Neeblsh  Channel 
in  1979  were  sampled  randomly  with  the  procedures  of  1979.  Beds  occurred  in 
'..he  same  locations  in  1981.  The  same  species  dominated  beds  in  both  years  wd 
biomass  within  beds  was  similar  in  these  years. 

Impacts  from  an  extended  shipping  season  (to  January  31+2  weeks  by  1987) 
on  aquatic  plants  are  expected  to  result  mainly  from  scouring  over-wintering 
rootstock  systems  by  ice  movement  and  under-ice  pressure  waves  created  by 
passing  ships  in  narrow  channel  passages.  The  degree  of  quantitative  change 
is  unknown  and  could  only  be  determined  through  careful  measurement.  Studies 
being  carried  out  in  1982  and  1983  are  documenting  the  existing  extent  and 
substrate  biomass  of  rootstock  systems  of  emergent  plants  at  numerous  sites 
along  the  River.  Further,  precise  mapping  of  beds  of  emergent  plants  through 
modem  aerial  photography  Is  producing  extensive  pre-project  baseline  data 
on  stands  of  emergent  macrophytes. 


ICHTHYOFLANKTON 

In  1981,  the  ichthyoplankton  sampling  program  was  designed  to  estimate 
species  composition  and  relative  abundance  of  lairval  fish  In  Navigation  Courses 
(Stations)  5,  7  and  9  and  Lake  George  in  the  St.  Marys  River.  The  collections 
In  Course  5  (Lake  Nicolet)  and  Lake  George  were  designed  to  detect  differences 
in  the  ichthyoplankton  in  a  navigated  and  a  non-navlgated  area.  Collections 
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In  Courses  5,  7  and  9  helped  determine  annual  changes  In  larval  composition 
and  relative  abundance.  Larval  fish  were  collected  using  metered  351  y  mesh 
plankton  nets  in  three  habitats:  the  shallow  littoral  zone  (<0.5  m);  along  the 
edge  of  macrophyte  beds  (1  -  2  m)i  and,  the  deeper  open  water  channel  areas. 

Biweekly  samples  from  April  through  September  yielded  8,599  larvae  in  a 
total  of  378  samples.  Larvae  of  20  taxa  were  collected  with  the  majority 
(57.1-Z)  of  the  total  catch  comprised  of  rainbow  smelt.  Sucker,  cyprinld  and 
burbot  larvae  were  the  next  most  abundant  individual  taxa,  comprising  6.9, 

10.3  and  5.1%  of  the  total  catch,  respectively.  As  a  group,  perclds  (yellow 
perch,  logperch,  johnny  darter,  and  unidentified  darters)  comprised  13.8%  of 
the  total  catch.  Inshore  catches  were  dominated  by  cyprinids,  suckers  and 
perclds,  while  offshore  collections  were  dominated  by  rainbow  smelt  larvae. 

Seasonal  trends  of  appearance  and  abundances  of  larvae  were  apparent  and 
followed  those  of  1979  and  1980  and  are  typical  of  the  region.  Larvae  of  fall 
and  winter  spawners  (cisco,  lake  whlteflsh,  burbot,  fourhom  sculpin)  appeared 
first,  followed  by  larvae  of  spring  spawners  (yellow  perch,  suckers,  rainbow 
smelt).  Larvae  of  summer  spawners  including  alewlfe,  carp,  cyprinids  and 
centrarchlds  appeared  last. 

The  shallow  Inshore  littoral  zone,  from  2  m  to  less  than  0.5  m  deep, 
harbors  concentrations  of  larvae  and  is  often  proclaimed  an  Important  nursery 
area  for  fish.  The  gear  employed  in  this  study  provides  some  of  the  first 
quantitative  estimates  of  larval  abundance  in  these  regions.  Since  1979,  the 
Ichthyoplankton  program  has  Increased  to  sample  important  areas  which  may  be 
affected  by  excessive  sedimentation  as  well  as  winter  and  summer  navigation. 

Efforts  to  collect  coregonid  larvae  at  four  stations  in  1981  Immediately 
following  ice-out  in  April  and  May  yielded  a  total  of  74  cisco  and  58  lake 
whitefish  larvae  from  75  pull  net,  fifty-eight  0.5  m  net,  and  forty-eight  1.0  m 
net  collections.  The  majority  of  the  lake  whitefish  (71%)  larvae  were  taken 
from  the  shallow  littoral  at  Station  5.  Cisco  larvae  were  abundant  in  the 
shallow  littoral  of  Stations  5  and  9,  with  few  coregonid  larvae  being  taken 
in  Lake  George  with  any  gear  type.  Peak  density  of  cisco  and  lake  whitefish 
larvae  in  the  spring  collections  occurred  on  20  April  at  Station  5  (50/100  m^ 
and  238/100  m^,  respectively). 

Comparison  of  Lake  Nicolet  (Station  5)  and  Lake  George  data  suggest  that 
nearshore  differences  in  habitat  (temperature  regimes,  vegetation  and  substrate 
type)  may  help  to  explain  differences  in  species  composition  and  abundance. 
Consequently  it  was  not  possible  to  determine  if  differences  in  larval  fish 
abundance  could  be  attributed  to  effects  of  navigation.  The  shallow  inshore 
area  of  Lake  George  was  dominated  by  cyprinid  larvae,  ranging  from  50  to  72% 
of  the  total  catch.  In  Lake  Nicolet,  the  shallow  inshore  areas  were  dominated 
by  perclds  (yellow  perch,  logperch,  johnny  darter  and  other  darters),  comprising 
30  -  60%  of  the  total  catch.  Cyprinid  larvae  in  Lake  Nicolet  accounted  for 
only  4  -  20%  of  the  total  catch  in  the  shallow  vegetated  areas.  Offshore  or 
channel  collections  in  both  Lake  George  and  Lake  Nicolet  were  dominated  by 
rainbow  smelt  larvae,  representing  75  and  85%  of  the  catch,  respectively. 
Overall,  water  temperatures  in  Lake  George  were  higher  than  Lake  Nicolet. 
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During  the  1981  field  season,  the  highest  observed  density  along  the 
emergent  macrophyte  beds  (1,559/100  m^)  occurred  at  Station  9  on  9  June,  with 
rainbow  smelt  comprising  99%  of  the  catch.  In  the  shallow  littoral  zone  (less 
than  0.5  m  deep),  maximum  density  of  larvae  (4,487/100  m^)  was  observed  at 
Station  9  on  7  July.  At  this  time,  sucker  larvae  were  the  predominant  taxon. 

In  general,  species  composition  and  relative  abundance  of  fish  larvae 
was  similar  in  the  St.  Marys  River  in  1979,  1980  and  1981.  Variability  is 
high  -among  and  within  stations  during  the  same  year,  as  is  variability  among 
years.  The  development  of  additional  sampling  gear  which  effectively  sampled 
new  habitats  in  1980  and  1981  yielded  higher  numbers  of  larvae,  however,  no 
new  taxa  were  recorded  in  any  great  numbers.  Isolated  "marsh"  areas  of  the 
littoral  zone  have  not  been  quantitatively  sampled  in  the  St.  Marys  River  for 
larval  fish,  however.  These  areas  are  thought  to  be  spawning  and  nursery 
areas  for  northern  pike,  bowfln,  carp,  bluegill,  pumpklnseed  and  smallmouth 
bass . 

The  differences  seen  among  stations  in  composition  and  abundance  of 
larval  fish  reflect  utilization  of  a  mosaic  of  habitats  by  fish  for  nursery 
areas  within  the  river  system.  All  habitats  may  not  contribute  the  same  amount 
to  the  recruitment  of  individual  populations.  The  alterations,  if  any, 
imposed  by  dredging  or  navigation  activities  would  be  expected  to  affect  larval 
fish  populations  through  effects  on  the  littoral  zone,  namely  through  loss  of 
habitat  in  the  form  of  submersed  and  emergent  macrophytes  and  subsequent  food 
availability  and  cover  they  provide.  In  addition,  lateral  transport  of  larvae 
along  the  littoral  zone  during  the  drawdown  and  surge  action  of  the  water 
during  vessel  passage  has  an  effect  on  survival  of  larval  fish.  These  impacts 
remain  speculative,  however. 


JUVENILE  AND  ADULT  FISH 
Gill  Nets 

Experimental  bottom  gill  nets  were  employed  in  the  St.  Marys  River  system 
during  1981  to  gather  baseline  data  on  species  composition,  indices  of  abundance 
(catch  per  effort)  and  lengths  of  juvenile  and  adult  fishes.  Collections  were 
taken  at  shallow  and  deep  sites  of  Navigation  Courses  5,  7  and  9,  and  in  a 
non-shlpped  area.  Lake  George.  Comparisons  were  made  among  depths,  stations, 
and  between  years. 

Each  gill  net  consisted  of  seven  individual  15.2  x  1.8  m  (50'  x  6')  panels 
of  25  (1"),  51  (2"),  63  (2Js"),  76  (3"),  102  (4"),  114  (4ls"),  and  178  mm  (7",  104 
twine  size)  stretched  mesh  nylon  of  No.  69  twine  size.  Nets  were  identical  to 
those  fished  during  1979  and  1980. 

During  winter,  forty-three  24-hour  gill  net  sets  collected  310  fish  of  12 
species  in  Navigation  Courses  5  and  7.  Catch  per  effort  was  7.29.  White 
sucker  comprised  42.5%  of  the  catch,  while  cisco  contributed  35.5%.  Other 
Important  species  Included  yellow  perch  (6.5%),  northern  pike  (4.5%),  and 
burbot  (4.5%).  Cisco  were  captured  primarily  in  nets  set  near  the  navigation 
channel.  White  sucker,  yellow  perch  and  northern  pike  were  captured  primarily 


In  nearshore  nets.  The  winter  catch  per  effort  increased  substantially  over 
the  1980  value  as  a  response  to  significant  increases  in  catch  rate  of  white 
sucker  and  cisco.  Length  frequency  inodes  for  dominant  species  were  roughly 
similar  during  winter  between  years. 

A  total  of  78  net  sets  during  open  water  seasons  in  Navigation  Courses  5, 

7  and  9  captured  1,7A2  fish  of  26  species.  Dominant  species  were  white  sucker 
(25.52),  cisco  (21.9%),  yellow  perch  (17.2%),  northern  pike  (11.9%),  rock  bass 
(7.6%),  and  walleye  (7.6%).  Spring  samples  were  dominated  by  white  sucker, 
northern  pike,  cisco,  and  yellow  perch.  White  sucker,  northern  pike,  and  yellow 
perch  were  frequently  captured  during  summer.  Cisco  and  walleye  were 
occasionally  captured  in  high  numbers,  primarily  during  July.  Fall  sample 
dominants  were  white  sucker,  northern  pike,  yellow  perch,  and  rock  bass. 

November  collections  contained  significant  numbers  of  cisco.  Nearshore  nets 
yielded  higher  catch  per  effort  values  at  all  stations  than  those  nets  set 
nearest  the  ship  channel. 

A  total  of  28  gill  net  sets  made  during  open  water  seasons  in  Lake  George 
collected  652  fish  of  22  species  (catch  per  effort  *  23.2).  The  catch  was 
dominated  by  white  sucker  (30.5%),  northern  pike  (21.8%)  and  yellow  perch 
(20.2%).  Northern  pike,  yellow  perch,  and  v^lte  sucker  dominated  catches  in 
spring,  summer  and  fall.  Rock  bass  and  walleye  were  collected  frequently  in 
July.  Small  catches  of  pink  salmon  and  cisco  were  noted  in  fall.  Catch  per 
effort  for  all  species  combined  was  higher  in  Lake  George  compared  to  Lake 
Nlcolet.  Cisco,  rock  bass,  and  walleye  exhibited  higher  CPE  values  in  Lake 
Nicolet. 

Catch  per  effort  comparisons  for  1980  vs.  1981  Indicated  a  general  decline 
in  1981.  Cisco  evidenced  the  greatest  decline  in  CPE  between  years.  Percent 
composition  of  catch  was  roughly  similar  with  the  order  of  dominance  of  white 
sucker  and  cisco  switched  between  years. 

Direct  effects,  if  any,  of  excessive  sedimentation,  ice  breaking,  and  ship 
passage  on  juvenile  and  adult  fishes  would  probably  be  wrought  primarily  upon 
physiological  processes  (respiration,  growth,  reproduction,  development  and 
maturation).  Other  effects  may  include  changes  in  movement  patterns,  spatial 
and  temporal  abundance,  alteration  of  habitats  and  changes  in  linkage  and 
structure  of  the  supporting  food  webs.  Effects  of  winter  navigation  related 
activities  appear  to  be  transient  with  the  exception  of  channel  dredging  which 
could  have  a  long-term  effect  by  reducing  available  fish  habitat  in  the  Middle 
Neeblsh  Channel  and  reducing  colonizable  substrate  for  benthic  organisms 
thereby  adversely  affecting  forage  densities. 

Small  Mesh  Trap  Nets 

Small  mesh  trap  nets  were  used  to  sample  fish  populations  in  the  upper 
littoral  zone  of  the  St.  Marys  River.  These  nets  were  constructed  with  6.35  ram 
(.25")  bar  mesh  nylon  webbing.  Each  net  had  a  15.2  x  1  m  (50  x  3.3')  lead, 

2.2  X  1  m  (7.2  x  3.3*)  wings,  1  m^  (10.8  ft^)  pot  and  a  single  heart.  Twelve 
hour  samples  were  collected  both  during  night  and  day  periods.  Seasonal 
sampling  was  conducted  in  emergent  vegetation  and  open  areas  of  the  upper 
littoral  zone  in  Navigation  Courses  5,  7  and  9,  and  in  Lake  George,  a  non- 
shipping  channelized  lake  area  within  the  St.  Marys  River  system. 
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A  total  of  8,103  fish  representing  42  species  were  taken  in  82  trap  net 
collections  In  Navigation  Courses  5,  7  and  9  (CPE  ■  98.8).  Bluegill  was  the 
most  abundant  species  (28.5%  of  the  total  catch).  Other  major  species  Included 
brown  bullhead  (13.6%),  yellow  perch  (12.8%),  bluntnose  minnow  (11.3%),  and 
white  sucker  (7.8%).  Species  abundance  and  composition  of  these  collections 
varied  with  season,  time  of  day  and  station. 

A  total  of  11,769  fish  of  35  species  were  taken  in  36  trap  net  collections 
(CPE  B  326.9)  In  L^e  George.  Spottall  shiner  was  the  most  abundant  species 
(51.5%  of  total  catch).  Other  major  species  Included  common  shiner  (25.0%), 
yellow  perch  (6.6%),  bluntnose  minnow  (3.3%)  and  black  crapple  (2.3%).  Species 
composition  of  collections  In  Lake  George  varied  with  season  and  time  of  day. 

Fish  populations  using  the  upper  littoral  zone  of  Lake  George  were 
numerically  larger  than  fish  populations  In  the  other  areas  sampled.  A 
comparable  navigated  area  (Navigation  Course  5)  contained  fewer  fish  (CPE  *  68.7) 
than  Lake  George  (CPE  =  326.9).  Of  the  sport  fishes,  yellow  perch,  smallmouth 
bass,  largemouth  bass,  northern  pike  and  white  sucker  were  more  abundant  In 
Lake  George  while  brown  bullhead  and  bluegill  were  more  abundant  In  Navigation 
Course  5.  Forage  fish  also  had  larger  populations  In  Lake  George  than 
Navigation  Course  5. 

Considerable  annual  variability  of  species  abundance  at  comparable  sam¬ 
pling  locations  was  largely  due  to  year  class  strength.  The  upper  littoral  zone 
Is  an  Important  nursery  area  for  both  juvenile  sport  and  forage  fishes.  In 
addition,  many  adult  fishes  frequent  the  shallow  waters  of  the  upper  littoral 
zone. 


The  impacts  of  the  proposed  season  extension  are  speculative.  Turbulence 
under  ice  cover  from  passing  vessels  may  Injure  fish  or  disrupt  normal 
behavior.  Increases  In  suspended  solids  may  also  Impair  normal  feeding 
behavior.  The  emergent  vegetation  of  the  upper  littoral  zone  Is  important  to 
juvenile  fish  populations  and  ice  scouring  of  over-wintering  rootstock  systems 
of  macrophytes  would  reduce  preferred  habitat. 

Trawls 


Bottom  trawl  samples  were  taken  In  the  St.  Marys  River  system  during  1981 
to  gather  baseline  data  on  species  composition  and  abundance  Indices  of 
juvenile  and  adult  fishes.  The  trawl  was  a  semi-balloon  otter  trawl  having  a 
4.9  m  (16')  head  rope,  38  mm  (1.5")  stretch  mesh  body  and  3  mm  (.1")  bar  mesh 
cod  end  liner.  Samples  were  collected  at  night  in  nearshore  (1.5  m)  and  off¬ 
shore  (3.1  m)  sites  within  Navigation  Courses  5,  7  and  9,  and  In  a  non-shipping 
area,  Lake  George.  A  total  of  10  samples  were  taken  at  each  station  during  May 
through  October.  Comparisons  were  made  among  depths,  stations  and  between 
years. 

A  total  of  5,997  fish  of  28  species  were  collected  in  30  trawl  samples 
from  Navigation  Courses  5,  7  and  9.  Johnny  darters  were  most  abundant, 
comprising  19.3%  of  the  total  catch.  Other  numerically  Important  species 
Included  nlnesplne  stickleback  (12.3%),  trout-perch  (11.8%),  yellow  perch 
(9.2%),  spottall  shiner  (7.1%)  and  mottled  sculpln  (6.4%).  Total  catch  per 
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effort  at  Course  5  was  approxlioately  half  that  at  either  Course  7  or  9. 

Overall  catch  in  the  offshore  areas  was  greater  than  In  the  nearshore  areas 
at  Courses  7  and  9,  but  the  opposite  was  true  in  Course  5.  Depth  distribution 
of  individual  species  varied  from  station  to  station  and  by  date. 

A  total  of  3»23A  fish  representing  23  species  were  collected  in  10  trawl 
samples  from  Lake  George.  Trout-perch  were  most  abundant,  making  up  36.2%  of 
the  total  catch  followed  by  spottall  shiner  (19.1%),  yellow  perch  (15.6%), 
johnny  darter  (10%)  and  common  shiner  (4.4%).  White  sucker  made  up  only  3.8% 
of  the  catch  by  nuniber  but  represented  nearly  44%  of  the  catch  by  weight. 
Overall,  more  specimens  were  taken  in  the  deep  near-channel  area  compared  to 
the  shallow  nearshore  area  of  Lake  George.  Trout-perch  were  consistently 
captured  in  greatest  numbers  at  the  deep  station,  while  johnny  darters,  Iowa 
darters,  yellow  perch  and  rock  bass  were  more  abundant  nearshore.  Brook 
stickleback  occurred  only  in  the  shallow  samples. 

The  fish  community  represented  by  the  trawl  samples  was  slightly  more 
diverse  in  Lake  George  as  compared  to  Course  5  and  overall  CPE  in  Lake  George 
was  more  than  three  times  greater  than  at  Course  5.  Trout-perch,  johnny 
darters,  spottall  shiners,  white  suckers,  yellow  perch,  smelt,  Iowa  darter, 
brook  stickleback,  bluntnose  minnows  and  common  shiners  were  much  more  abundant 
in  Lake  George.  Rock  bass,  slimy  sculplns,  brown  bullheads  and  mimic  shiners 
were  each  at  least  twice  as  abundant  in  samples  from  Course  5  as  compared  to 
Lake  George. 

Overall  CPE  decreased  by  about  10%  from  1980  to  1981  in  Courses  7  and  9. 
Catch  per  effort  of  smelt,  ninespine  sticklebacks  and  logperch  increased 
significantly  from  1980  to  1981.  While  other  species  exhibited  sometimes 
drastic  changes  in  CPE,  these  changes  were  not  statistically  significant  due 
to  variability  of  the  data.  Relative  abundances  of  the  major  species  shifted 
noticeably  from  1980  to  1981.  The  community  was  dominated  by  trout-perch, 
spottall  shiners  and  johnny  darters  in  1980,  and  together  the  three  species 
made  up  over  60%  of  the  total  catch.  In  1981  the  order  of  Importance  changed 
to  johnny  darters,  ninespine  stickleback,  yellow  perch  and  trout-perch, 
respectively,  and  these  species  comprised  56%  of  the  total  number  caught. 

All  species  sampled  by  trawls  are  either  spring  or  summer  spawners  and 
there  would  be  little  danger  of  egg  destruction  from  winter  shipping.  Problems 
associated  with  winter  shipping  could  possibly  be  associated  with  disruption  of 
submerged  and  emergent  aquatic  plant  beds  which  are  spawning  sites  for  some  of 
the  species.  Also,  Increased  sedimentation  may  cause  added  mortalities  to  eggs 
or  larvae. 

Any  discussion  of  possible  reduction  in  the  fish  community  should  be 
tempered  with  considerations  of  compensation  by  the  population  in  question. 
Decreased  reproduction  may  lead  to  Increased  survival  of  young  of  successful 
spawners.  Also,  reduction  of  fish  production  from  one  area  may  be  off-set  by 
immigration  from  other  sites,  if  sufficient  habitat  remains  unaffected  by 
winter  navigation  activities. 
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PHYSICAL  AND  CHEMICAL  ASPECTS 


Water  Chemistry,  Temperature  and  Turbidity 

Hater  temperature,  dissolved  oxygen,  turbidity,  dissolved  solids  and  pH 
were  measured  in  conjunction  with  biological  sampling  In  nearshore  and  off¬ 
shore  sites  of  Navigation  Courses  5,  7  and  9,  and  Lake  George  of  the  St.  Marys 
River  during  1981. 

Water  temperatures  were  near  0°C  during  winter,  began  increasing  in  May, 
and  reached  maximum  values  of  19  -  24°C  in  late  summer,  all  sites  considered. 
Nearshore  areas  were  warmer  in  spring  and  summer  compared  to  offshore  areas. 

The  reverse  was  true  for  fall.  Lake  George  was  warmer  than  other  stations 
during  spring  and  fall. 

Dissolved  oxygen  values  from  298  total  measurements  ranged  from  3.5  - 
13.9  ppm.  Most  readings  were  >9  ppm.  Lowered  values  occurred  during  summer 
at  nearshore  sites. 

Turbidity  values  ranged  from  0.7  -  120  NTU.  Turbidities  were  generally 
highest  during  fall  and  at  nearshore  sites.  Lake  George  experienced  higher 
turbidities  than  all  other  sites. 

Dissolved  solids  generally  remained  fairly  constant  at  all  sites,  though 
this  parameter  exhibited  a  total  range  of  22  -  175  ppm.  However,  only  3 
percent  of  all  measurements  were  outside  a  range  of  50  -  80  ppm. 

No  major  differences  in  pH  values  among  sites  occurred.  Summer  offshore 
pH  readings  indicated  basic  conditions  while  fall  offshore  readings  indicated 
acidic  conditions.  A  range  of  4.8  -  9.2  S.U.  occurred,  which  was  larger  than 
reported  in  1980  studies. 

The  parameter  most  likely  to  be  effected  significantly  by  winter  navigation 
activities  would  be  turbidity  because  of  potential  increases  in  suspended 
solids  carried  by  the  river. 

Winter  Sedimentation  Rates 


Sediment  traps  were  developed  and  used  to  collect  baseline  winter  sedi¬ 
mentation  data  in  the  St.  Marys  River  to  be  compared  to  winter  sedimentation 
data  during  future  commercial  shipping  and  channel  modification  activities. 

Lake  George,  not  Involved  in  commercial  navigation,  was  chosen  to  act  as  a 
control. 

Samples  were  collected  in  off-channel  areas  of  Navigation  Courses  5  and 
7  during  3  February  to  24  March  1981,  and  in  Lake  George  during  approximately 
the  same  period.  Sediment  traps  were  composed  of  30.5  cm  cylinders  with  inside 
diameters  of  2.5  cm,  which  resulted  in  an  aspect  ratio  of  12.  Trapped  sediments 
were  filtered,  dryed  and  weighed  over  two  exposure  periods  (mid-winter,  late 
winter).  Organic/ inorganic  fractions  were  determined  for  sediments  collected 
during  the  second  exposure  period. 
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Sedimentation  rates  were  greater  In  Lake  George  (927  -  6,315  mg/m  /d) 
than  in  either  Course  5  (138  -  592  mg/m^/d)  or  Course  7  (296  -  592  mg/vr/d) 
during  mld-wlnter.  During  late  winter  sedimentation  rates  at  Courses  5  and  7 
Increased  (296  -  1,342  mg/m^/d) .  However,  sedimentation  rates  in  Lake  George 
(631  -*  1,184  mg/m^/d)  also  averaged  more  than  other  areas  during  late  winter. 
Inorganic  content  of  collected  sediments  was  high,  averaging  87.3  -  100%  in 
samples.  Turbidity  measurements  taken  during  the  period  indicated  a  possible 
positive  correlation  with  sedimentation  rates. 

Any  winter  commercial  shipping  and/or  channel  modifications  that  Increase 
the  sediment  loading  In  the  St.  Marys  River  should  be  reflected  In  increased 
sedimentation  In  off-channel  areas,  which.  In  turn,  would  be  measurable  with 
the  sediment  traps.  However,  the  site  chosen  In  Lake  George  as  a  control  does 
not  appear  satisfactory  with  regard  to  monitoring  sedimentation. 

Sediment  Chemistry  of  Shipping  and  Non-Shipping  Channels 

Sediment  cores  were  collected  during  June  1981  from  an  active  shipping 
channel  (Lake  Nlcolet)  and  an  Inactive  shipping  channel  (Lake  George)  In  the 
St.  Marys  River  and  analyzed  for  21  parameters.  Including  nutrients,  heavy 
metals,  organic  compounds,  total  solids,  volatile  solids  and  particle  size. 

All  parameters  except  two  occurred  In  higher  average  concentrations  In  the 
shipping  channel.  According  to  USEPA  Region  V  criteria,  the  same  parameters 
exceeded  moderate  pollution  levels  at  both  sites,  while  those  non-polluted 
were  so  at  both  sites,  and  those  below  detectability  were  so  at  both  sites, 
seeming  to  indicate  shipping  was  not  the  source  of  contaminants  in  Lake 
Nicolet  sediments. 

Lake  Nicolet  sediments  had  higher  clay  and  organic  matter  levels,  and 
their  affinity  for  heavy  metals  and  organic  chemicals  may  be  the  cause  of 
higher  levels  of  constituents.  Additionally,  higher  sedimentation  rates  in 
L^dce  George  may  bury  contaminated  sediments  there  resulting  in  less  polluted 
levels.  These  factors,  rather  than  shipping,  appear  as  the  most  likely 
reasons  for  the  differences  between  the  two  channels.  Many  other  factors, 
such  as  redox  potential,  sediment  pH,  bacteria,  sulfur  and  iron  cycles,  not 
examined  in  this  study,  may  also  strongly  effect  the  contaminant  levels  of 
sediments. 
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Appendix  A.  Abundance  estimates  (number/m^)  of  benthic  macrolnvertebrates 

determined  from  all  samples  taken  In  the  St.  Harys  River  during 
1981. 


2 

Table  Al.  Abundance  estimates  (number/m  )  for  benthic,  macroinvertebrates 
collected  from  Navigation  Course  7,  St.  Marys  River  during 
June  1981. 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

EPHEMEROPTERA 

Caenls  sp. 

21 

0 

0 

0 

14 

Ephemera  sp. 

140 

14 

14 

7 

56 

Hexagenla  sp. 

749 

511 

0 

168 

147 

TRICHOPTERA 

Hellcopsyche  sp. 

7 

0 

0 

0 

7 

Molanna  sp. 

7 

0 

0 

0 

0 

Mystacldes  sp. 

7 

7 

0 

56 

0 

Nectopsyche  sp. 

0 

28 

0 

0 

0 

Oecetls  sp. 

0 

7 

0 

0 

0 

Phryganea  sp. 

0 

0 

7 

0 

0 

Polycentropus  sp. 

28 

21 

0 

56 

7 

Trlanodes  sp. 

0 

0 

0 

14 

0 

COLEOPTERA 

Hallplus  sp.  (A) 

0 

0 

7 

0 

0 

DIPTERA 

Ceratopogonldae 

763 

1,204 

287 

1,330 

28 

Chlronomldae 

Cladotany tarsus  sp. 

496 

0 

98  ’ 

1,204 

777 

Cryptochlronomus  sp. 

2,527 

3,108 

0 

0 

0 

Larsla  sp. 

710 

5,407 

140 

140 

525 

Monodlamesa  sp. 

213 

0 

0 

0 

0 

Paracladopelma  sp. 

0 

0 

0 

21 

1,554 

Parachlronomus  sp. 

0 

0 

0 

84 

0 

Polypedllum  sp. 

0 

3,184 

1,827 

7,882 

315 

Procladlus  sp. 

998 

798 

140 

448 

462 

Psectrocladlus  sp. 

0  1,383 

Continued 

0 

0 

0 
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Table  Al.  Continued 


TAXA 


WEST  WEST  EAST 

SHALLOW  DEEP  CHANNEL  DEEP 


StlctochlronomuB  sp. 
Chironomldae  pupae 

AMPHIPODA 

Hyalella  azteca 

ISOPODA 

Asellus  sp. 

Llrceus  sp. 

DECAPODA 

HYDRACARINA 

TURBELLARIA 

GASTROPODA 
Antnlcola  sp. 

Gyraulus  sp. 

Hellsoma  sp. 

Physa  sp. 

Valvata  sp. 

PELECYPODA 
Plsldlum  sp. 

Sphaerlum  sp. 

POLYCHAETA 

Manayunkia  sp. 

HIRUDINEA 

OLIGOCHAETA 


0 

84 


0 

63 


0 

0 


28 

322 


13 


357 


0 

0 

0 

56 

0 


49 

245 

0 

35 

140 


0 

0 

7 

0 

0 


14 

63 

0 

14 

14 


581  49  0 

0  14  0 

0  0  0 

0  49  0 

77  77  0 


0 

0 

7 

0 

0 


13 

13 

14 
0 

2,191 


14 

56 

0 

7 

4.525 


0 

0 

0 

0 

1,162 


0 

0 

0 

7 

1,281 


Continued 


EAST 

SHALLOW 

63 

7 

14 

0 

7 

0 

56 

0 

287 

0 

0 

0 

35 

0 

7 

7 

0 

3,136 


204 


Table  A1 .  Concluded 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

NEKATOOA 

1,358 

1,064 

490 

175 

7 

COELENTERATA 

Hydra  sp. 

0 

0 

14 

0 

0 

OSTRACOOA 

0 

0 

0 

0 

14 

TOTAL 

11,066 

22,340 

4,186 

13,335 

7,539 
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Table  a2.  Abundance  estimates  (number /m  )  for  benthic  macroinvertebrates 
collected  from  Navigation  Course  7,  St.  Marys  River  during 
September  1981. 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

EPHEMEROPTERA 

Ameletus  sp. 

252 

0 

0 

0 

0 

Caenls  sp. 

0 

0 

0 

0 

7 

Ephemera  sp. 

221 

14 

0 

0 

0 

Hexagenla  sp. 

1,911 

441 

0 

105 

98 

Leptophlebla  sp. 

21 

0 

0 

105 

0 

TRICHOPTERA 

Hellcopsyche  sp. 

7 

0 

0 

0 

0 

Mystacldes  sp. 

0 

49 

0 

21 

0 

Oecetls  sp. 

42 

0 

0 

0 

0 

Oxyethlra  sp. 

0 

0 

0 

0 

21 

Phryganea  sp. 

0 

28 

0 

0 

7 

Phylocentropus  sp. 

63 

0 

0 

0 

0 

Polycentropus  sp. 

0 

56 

0 

0 

21 

Trlanodes  sp. 

0 

0 

0 

21 

63 

HEMIPTERA 

Corlxldae 

0 

7 

0 

0 

0 

MEGALOPTERA 

Slalls  sp. 

0 

0 

0 

0 

7 

DIPTERA 

Ceratopogonldae 

1,323 

735 

35 

924 

420 

Tabanldae 

0 

0 

7 

0 

Chlronomldae 

Ablabesmyla  sp. 

0 

2,184 

0 

0 

49 

Chlronomus  sp. 

0 

0 

217 

0 

Cllnotanypus  sp. 

0 

0 

0 

42 

Coelotanypus  sp. 

2,205 

0 

0 

0 

28 

Crlcotopus  sp. 

0  0 

Continued 
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0 

7 

Table  A2 .  Continued 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

Cryptochlronomus  sp . 

567 

0 

0 

0 

0 

Ctyptocladopelma  sp. 

0 

0 

42 

0 

966 

Larsla  sp. 

1,428 

0 

28 

2,793 

651 

Monodlamesa  sp. 

21 

21 

0 

0 

105 

Paracladopelma  sp. 

315 

567 

0 

0 

0 

Phaenospectra  sp. 

0 

63 

0 

189 

672 

Polypedllun  sp. 

315 

203 

49 

1,827 

2,506 

Potthastla  sp. 

7 

126 

0 

0 

0 

Procladlus  sp. 

1,092 

784 

7 

777 

602 

Psectrocladlus  sp. 

0 

0 

350 

21 

0 

Stlctochlronomus  sp. 

0 

0 

0 

7 

70 

Tany tarsus  sp. 

42 

525 

0 

651 

0 

AMPHIPODA 

Hyalella  azteca 

0 

623 

7 

168 

448 

Gammarus  sp. 

0 

0 

0 

0 

7 

ISOPODA 

Asellus  sp. 

21 

49 

0 

0 

651 

Llrceus  sp. 

0 

371 

0 

147 

413 

DECAPODA 

0 

0 

0 

7 

7 

HYDRACARINA 

0 

70 

7 

84 

399 

GASTROPODA 

Amnlcola  sp. 

0 

42 

0 

0 

77 

Gyraulus  sp. 

0 

63 

0 

0 

147 

Physa  sp. 

0 

91 

0 

42 

112 

Valvata  sp. 

0 

56 

0 

0 

0 

PELECTPODA 

Plsldlum  sp. 

0 

0 

0 

0 

7 

Continued 
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Table  A2.  Concluded 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

HIRUDINEA 

0 

0 

0 

0 

7 

OLIGOCHAETA 

1,638 

735 

231 

3,759 

651 

OSTRACODA 

0 

0 

0 

0 

105 

NEMATODA 

0 

0 

0 

0 

21 

TOTAL 

11,491 

7,903 

980 

11,697 

9,345 
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2 

Table  A3.  Abundance  estimates  (number /m  )  for  benthic  macroinvertebrates 
collected  from  Navigation  Course  9,  St.  Marys  River  during 
June  1981. 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

EPHEMOIOPTERA 

Ephemera  sp. 

406 

0 

0 

0 

77 

Ephemerella  sp. 

0 

35 

0 

0 

0 

Hexagenia  sp. 

49 

56 

49 

644 

0 

Isonychla  sp. 

TRICHOPIERA 

0 

14 

0 

0 

0 

Molanna  sp. 

7 

0 

0 

0 

14 

Mystacldes  sp. 

0 

21 

0 

0 

0 

Oecetls  sp. 

14 

0 

7 

0 

14 

Phryganea  sp. 

0 

7 

0 

0 

0 

Phylocentropus  sp. 

0 

42 

0 

28 

0 

Polvcentropus  sp. 

0 

7 

0 

0 

0 

Rhyacophlla  sp. 

0 

0 

7 

0 

0 

MEGALOPTERA 

Slalls  sp. 

0 

0 

0 

42 

105 

DIPTERA 

Ceratopogonldae 

378 

84 

42 

210 

28 

Empldldae 

0 

0 

7 

0 

0 

Chlronomldae 

Chlronomus  sp. 

0 

98 

0 

0 

0 

Cladotany tarsus  sp. 

1,554 

0 

0 

126 

0 

Cryptochlronomus  sp. 

56 

0 

7 

0 

7 

Dlcrotendlpes  sp. 

0 

0 

0 

112 

0 

Larsla  sp. 

595 

1,274 

147 

222 

0 

Monodlamesa  sp. 

42 

7 

28 

1,428 

56 

Paracladopelma  sp. 

70 

0 

0 

0 

0 

Polypedllum  sp. 

560 

2,590 

7 

0 

0 

Procladlus  sp. 

980  1,190 

Continued 

21 

4,004 

658 
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Table  A3.  Continued 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

Psectrocladlus  sp. 

0 

7 

7 

0 

0 

Paeudosolttla  sp. 

490 

0 

0 

0 

0 

Stempellna  sp. 

280 

0 

7 

0 

0 

Stlctochlronomus  sp. 

3,990 

161 

0 

0 

112 

Tanypus  sp. 

0 

609 

0 

0 

434 

Chironomldae  pupae 

56 

42 

35 

14 

0 

AMPHIPODA 

Hyalella  azteca 

0 

119 

0 

0 

7 

Gammarus  sp. 

0 

14 

0 

0 

0 

ISOPODA 

Asellus  sp. 

0 

84 

0 

0 

0 

Llrceus  sp. 

0 

210 

0 

0 

0 

DECAPODA 

0 

21 

0 

0 

0 

HYDRACARINA 

140 

70 

28 

35 

0 

GASTROPODA 

Amnlcola  sp. 

364 

21 

0 

105 

35 

Gonlobasls  sp. 

14 

0 

0 

0 

0 

Gyraulus  sp. 

168 

112 

0 

21 

21 

Physa  sp. 

322 

238 

0 

49 

91 

Pleurocerca  sp. 

7 

0 

0 

0 

0 

Valvata  sp. 

0 

0 

0 

0 

21 

PELECYPODA 

Plsldium  sp. 

0 

7 

0 

0 

42 

Sphaerlum  sp. 

28 

0 

651 

7 

42 

POLYCHAETA 

Manayunklfi  sp. 

1,400 

140 

0 

0 

0 

Continued 
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Table  A3 .  Concluded 


TAZA 

VEST 

SHALLOW 

VEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

OLIGOCHAETA 

791 

2,562 

245 

1,190 

252 

NEMATODA 

2,100 

280 

0 

84 

0 

COELENTERATA 

Hydra  sp. 

0 

70 

0 

0 

0 

TOTAL 

14,861 

10,192 

1,295 

8,321 

2,016 

211 
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Table  a4.  Abundance  estimates  (number/n  )  for  benthic  macroinvertebrates 
collected  from  Navigation  Course  9,  St.  Marys  River  during 
September  1981. 


WEST  WEST  EAST  EAST 


TAXA 

SHALLOW 

DEEP 

CHANNEL 

DEEP 

SHALLOW 

EPHEMEROPTERA 

Caenls  sp. 

50A 

0 

0 

7 

168 

Ephemera  sp. 

1A7 

21 

0 

0 

21 

Ephemerella  sp. 

0 

7 

0 

0 

0 

Hexagenla  sp. 

828 

1A7 

0 

266 

1,U29 

TRICHOPTERA 

Lepldostoma  sp. 

7 

7 

0 

0 

0 

Mystacldes  sp. 

21 

0 

0 

A2 

0 

Oecetls  sp. 

7 

0 

0 

0 

A2 

Oxyethlra  sp. 

0 

0 

0 

21 

0 

Phryganea  sp. 

0 

0 

0 

7 

0 

Phylocentropus  sp. 

21 

189 

0 

105 

0 

Polycentropus  sp. 

63 

21 

0 

0 

0 

HEMIPTERA 

Corlxldae 

0 

21 

0 

21 

0 

COLEOPTERA 

Hallplus  sp. 

7 

0 

0 

0 

0 

Macronychus  sp. 

0 

0 

7 

0 

0 

DIPTERA 

Ceratopogonldae 

588 

29A 

63 

308 

29A 

Stratlomyldae 

0 

0 

21 

0 

0 

Tabanidae 

0 

0 

28 

0 

0 

Chlronomldae 

Ablabesmyla  sp. 

lA 

77 

0 

A2 

21 

Cllnotanypus  sp. 

0 

21 

0 

A9 

0 

Crlcotopus  sp. 

0 

0 

210 

0 

0 

Cryptochlronomus  sp. 

9A5 

7 

21 

0 

0 

Dlcrotendlpes  sp. 

50A 

0 

0 

0 

378 

Continued 
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Table  A4.  Continued 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

Epolcocladlus  sp. 

0 

21 

0 

7 

0 

Larsla  sp. 

1.554 

672 

224 

2,394 

4,410 

Mlcroapectra  sp. 

63 

28 

0 

0 

0 

Monodlamesa  sp. 

56 

0 

0 

0 

0 

Parachlronomus  sp. 

0 

0 

420 

0 

63 

Paracladopelma  sp. 

0 

126 

0 

525 

0 

Paratany tarsus  sp. 

69 

0 

0 

0 

0 

Polypedllum  sp. 

3,234 

476 

105 

882 

441 

Potthastla  sp. 

105 

0 

0 

0 

0 

Procladlus  sp. 

1,358 

182 

0 

1,029 

798 

Stlctochlronomus  sp. 

63 

1,358 

84 

1,995 

21 

Tanytarslnl 

7 

0 

0 

0 

0 

AMPHIPODA 

Hyalella  azteca 

840 

133 

0 

665 

357 

Gammarus  sp. 

0 

0 

0 

7 

420 

ISOPODA 

Asellus  sp. 

0 

28 

0 

210 

0 

Llrceus  sp. 

462 

140 

7 

672 

0 

HYDRACARINA 

84 

7 

0 

49 

126 

TURBELLARIA 

7 

21 

7 

0 

0 

GASTROPODA 

Aamlcola  sp. 

126 

0 

0 

21 

42 

Gyraulus  sp. 

7 

56 

0 

126 

0 

Pluerocerca  sp. 

7 

0 

0 

0 

0 

Physa  sp. 

7 

63 

0 

98 

42 

Valvata  sp. 

21 

0 

0 

42 

147 

Continued 


Table  A4 .  Concluded 


TAXA 

WEST 

SHALLOW 

WEST 

DEEP 

CHANNEL 

EAST 

DEEP 

EAST 

SHALLOW 

PELECYPODA 

Anodonta  sp. 

0 

0 

7 

0 

0 

PlsldlxuD  sp. 

7 

0 

0 

0 

0 

Sphaerlum  sp. 

21 

0 

7 

0 

42 

POLYCHAETA 

Manayunkla  sp. 

0 

0 

756 

0 

0 

HIRUDINEA 

84 

0 

0 

0 

21 

OLIGOCHAETA 

2,058 

434 

441 

1,596 

2,961 

OSTRACODA 

0 

0 

0 

0 

21 

NEMATODA 

0 

0 

0 

546 

672 

TOTAL 

13,886 

4,557 

2,408 

11,732 

12,579 

214 
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Table  a5.  Abundance  estimates  (number /m  )  for  benthic  macroinvertebrates 
collected  from  Navigation  Course  5,  St.  Marys  River  during 
April  1981. 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

EPHEMEROPTERA 

Ephemera  sp. 

791 

0 

Ephemerella  sp. 

189 

7 

Hexagenla  sp. 

35 

0 

TRICHOPTERA 

Lepldostoma  sp. 

7 

0 

Molanna  sp. 

0 

129 

Mystacldes  sp. 

35 

0 

Neurocllpsls  sp. 

lA 

0 

Polycentropus  sp. 

7 

32 

Hydroptila  sp. 

0 

lA 

Trlanodes  sp. 

7 

32 

COLEOPTERA 

Haliplus  sp. 

7 

0 

ODONATA 

Enallagma  sp. 

0 

32 

LEPIDOPTERA 

Nymphula  sp. 

21 

0 

DIPTERA 

Ceratopogonidae 

35 

323 

Slmulldae 

lA 

21 

Chironomidae 

Ablabesmyia  sp. 

lA 

0 

Cricotopus  sp. 

29A 

0 

Dlamesa  sp. 

0 

2A8 

Continued 
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Table  A5.  Continued 


TAXA 


Epolcocladius  sp. 
Heterotrlssocladlus  sp. 
Larsla  sp. 

Monodlamesa  sp. 
Polypedllum  sp. 
Procladlus  sp. 
Prodlamesa  sp. 
Stlctochlronomus  sp. 
Tanytarsus  sp. 

Trlbelos  sp. 


3M  DEPTH 


STATION 


VEGETATED 
LITTORAL  ZONE 


2,183 


1,061 


AMPHIPODA 


Hyalella  azteca 


Gammarus  sp. 


ISOPODA 


Asellus  sp. 
Llrceus  sp. 


HYDRACARINA 


TURBELLARIA 


GASTROPODA 

Amnicola  sp. 
Ferrissia  sp. 
Gyraulus  sp. 
Valvata  sp. 


PELECYPODA 

Sphaerlum  sp. 


Continued 


Table  AS .  Concluded 


STATION 

TAXA 

3M  DEPTH 

VEGETATED 
LITTCHtAL  ZONE 

HIRUDINEA 

0 

129 

OLIGOCHAETA 

1,988 

7,760 

TOTAL 

6,027 

14,315 

217 


2 

Tabic  AS.  Abundance  eatinatea  (nuaber/n  )  for  benthic  aacrolnvertebrates 
collected  fron  Navigation  Courae  5,  St.  Karya  River  during 
June  1981. 


lAXA 

3M  DEPTH 

STATION 

vegetated 

LITTORAL  ZONE 

EFHEMEROPTERA 

Ameletus  sp. 

0 

21 

Caenis  sp. 

0 

172 

Ephemera  sp. 

0 

Hezaaenla  sp. 

221 

0 

TRICHOPTERA 

Ceraclea  sp. 

7 

43 

Polycentropus  sp. 

77 

0 

HEMIPTESA 

Corlxldae 

0 

42 

LEPIOOPTERA 

Nvmphula  sp. 

0 

42 

DIPTERA 

Ceratopogonidae 

951 

0 

Chlronomldae 

Cladotany tarsus  sp. 

0 

126 

Coelotanypus  sp. 

217 

0 

Conchapelopla  sp. 

0 

147 

Crlcotopus  sp. 

1,365 

0 

Cryptochironomus  sp. 

28 

43 

Dlcrotendlpes  sp. 

0 

714 

Larsia  sp. 

945 

43 

Monodlamesa  sp. 

7 

0 

Parachlronomus  sp. 

7 

0 

Paracladopelma  sp. 

273 

0 

Polypedllum  sp. 

6,216 

86 

Continued 
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Tabic  A6.  Concluded 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

Procladlus  ap. 

658 

580 

Psectrocladlus  sp. 

0 

42 

Stlctochlronomus  ap. 

189 

0 

Tanytaralnl 

8A 

129 

Trlbelos  ap. 

77 

0 

Trlssocladlus  sp. 

469 

860 

Chlronomldae  pupae 

98 

42 

AMPHIPODA 

Hyalella  azteca 

1,617 

252 

Gammarua  ap. 

0 

43 

ISOPODA 

Aaellua  ap. 

0 

408 

Llrceua  ap. 

126 

0 

HYDRACARINA 

0 

21 

GASTROPODA 

Amnlcola  ap. 

42 

21 

Lynnaea  ap. 

0 

21 

Phyaa  ap. 

21 

0 

Valvata  ap. 

14 

0 

PELECTPODA 

Sphaerlum  ap. 

56 

0 

BIRDDINEA 

7 

0 

OLIGOCHAETA 

1,974 

1,346 

TOTAL 

15,788 

5,244 
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Table  A7.  Abundance  estimates  (number /m  )  for  benthic  macroinvertebrates 
collected  from  Navigation  Course  5,  St.  Karys  River  during 
August  1981. 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

EPHEMEROPTERA 

Ameletus  sp. 

0 

7 

Caenis  sp. 

7 

883 

Hexagenla  sp. 

182 

0 

TRICHOPTERA 

Ceraclea  sp. 

14 

0 

Oxyethlra  sp. 

0 

7 

Placycentropus  sp. 

0 

7 

Polycentropus  sp. 

0 

121 

HEMIPTERA 

Corixldae 

7 

21 

ODONATA 

Enallagma  sp. 

0 

112 

LEPIDOPTERA 

Paraponyx  sp. 

0 

7 

DIPTERA 

Ceratopogonldae 

56 

0 

Chlronomldae 

Ablabesmyla  sp. 

0 

630 

Lillnotanypus  sp. 

0 

43 

Crlcotopus  sp. 

21 

0 

Cryptochironomus  sp. 

0 

42 

Dlcrotendlpes  sp. 

0 

178 

Continued 
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Table  a7.  Continued 


STATION 


TAXA 

3M  DEPTH 

VEGETATED 
LITTORAL  ZONE 

Epolcocladlus  sp. 

21 

0 

Larsla  sp. 

7 

630 

Microspectra  sp. 

28 

788 

Mlcrotendlpes  sp. 

0 

890 

Monodlamesa  sp. 

7 

0 

Paracladopelma  sp. 

98 

0 

Polypedllum  sp. 

1,050 

1,015 

Potthastla  sp. 

7 

0 

Procladlus  sp. 

868 

214 

Psectrocladlus  sp. 

546 

98 

Stlctochlronomus  sp. 

0 

77 

Tanytarsus  sp. 

0 

1,223 

Trlbelos  sp. 

21 

1,223 

Chlronomldae  pupae 

28 

0 

AMPHIPODA 

Hyalella  azteca 

294 

276 

Ganmarus  sp. 

56 

78 

ISOPODA 

Asellus  sp. 

0 

3,191 

Llrceus  sp. 

256 

0 

HYDRACARINA 

0 

114 

GASTROPODA 

Amnlcola  sp. 

168 

0 

PELECYPODA 

Sphaerlum  sp. 

14 

0 

Continued 
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Table  a7  .  Concluded 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

RIRUDINEA 

0 

155 

OLIGOCHAETA 

1,344 

1,060 

COELENTERATA 

Hydra  sp. 

0 

105 

NEMATODA 

0 

105 

OSTRACODA 

0 

630 

TOTAL 

5,096 

13,930 
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Table  A8.  Abundance  eatiaiates  (nund>er/in  )  for  benthic  nacroinvertebrates 
collected  from  Navigation  Course  5,  St.  Marys  River  during 
October  1981. 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

EPHEMEROPTERA 

Caenls  sp. 

210 

1,003 

Calllbaetls  sp. 

0 

84 

Ephemera  sp. 

189 

0 

Hexagenia  sp. 

588 

28 

Leptophlebla  sp. 

lA 

0 

TRICHOPTERA 

Lepldostoma  sp. 

21 

0 

Leptocerldae 

0 

105 

Mystacides  sp. 

21 

0 

Oecetls  sp. 

21 

0 

Phryganea  sp. 

0 

43 

Phylocentropus  sp. 

0 

7 

Polycentropus  sp. 

140 

351 

Trianodes  sp. 

84 

7 

HEMIPTERA 

Trlchocorlxa  sp. 

56 

0 

Sigara  sp. 

7 

77 

ODONATA 

Enallagma  sp.  0  121 

LEPIDOPTERA 

Paraponyx  sp. 

Nymphula  sp. 

Continued 


Table  A8.  Continued 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

DIPTERA 

Ceratopogonldae 

819 

115 

Atherlcldae 

0 

14 

Chlronomldae 

Ablabesmyla  sp. 

7,602 

86 

Corynoneura  sp. 

0 

420 

Crlcotopus  sp. 

210 

1,064 

Cryptochlronomus  sp. 

777 

525 

Epolcocladlus  sp. 

0 

430 

Larsla  sp. 

0 

3,430 

Parachlronomus  sp. 

1,470 

0 

Paratany tarsus  sp. 

0 

11,586 

Polypedllum  sp. 

2,121 

2,150 

Procladius  sp. 

707 

1,462 

Pseudochlronomus  sp. 

0 

1,075 

Stlctochlronomus  sp. 

0 

523 

Tany tarsus  sp. 

42 

0 

Trlbelos  sp. 

490 

1,161 

AMPHIPODA 

Hyalella  azteca 

3,619 

2,492 

Gannnarus  sp. 

21 

163 

ISOPOD/. 

Asellus  sp. 

7 

462 

Llrceus  sp. 

287 

444 

GASTROPODA 

Annlcola  sp. 

217 

129 

Continued 
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Table  A8.  Concluded 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

Ferrissla  sp. 

0 

7 

Gyraulus  sp. 

42 

79 

Physa  sp. 

35 

49 

PELECYPODA 

Sphaerlum  sp. 

0 

43 

POLYCHAETA 

Manayunkla  sp. 

0 

253 

HIRUDZNEA 

0 

100 

OLIGOCHAETA 

3,843 

2,651 

OSTRACODA 

210 

100 

NEMATODA 

210 

0 

COELENTERATA 

Hydra  sp. 

210 

0 

TOTAL 


24,654 


32,853 


2 

Table  A9.  Abundance  estimates  (nunber/m  )  for  benthic  macroinvertebrates 
collected  from  Navigation  Course  5,  St.  Marys  River  during 
December  1981. 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

EPHEMEROPTERA 

Caenls  sp. 

0 

1,070 

Calllbaetls 

0 

21 

Ephemera  sp. 

105 

29 

Hexagenla  sp. 

119 

43 

Leptophlebla  sp. 

21 

14 

TRICHOPTERA 

Leptocerldae 

0 

430 

Phylocentropus  sp. 

0 

21 

Polycentropus  sp. 

189 

0 

Trlanodes  sp. 

42 

43 

HEMIPTERA 

Slgara  sp. 

0 

996 

ODONATA 

Enallagma  sp. 

0 

43 

LEPIDOPTERA 

Paraponyx  sp. 

0 

21 

DIPTERA 

Ceratopogonldae 

686 

72 

Chlronomldae 

Ablabesmyla  sp. 

1,050 

21 

Cladotany tarsus  sp. 

0 

1,470 

Crlcotopus  sp. 

0 

3,010 

Cryptochlronomus  sp. 

252 

573 

Dicrotendlpes  sp. 

763 

258 

Continued 
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Table  A9 .  Continued 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

Larsla  sp. 

2,331 

2,560 

Monodlamesa  sp. 

210 

^3 

Parat any tarsus  sp. 

0 

86 

Polypedllum  sp. 

3,052 

3,483 

Potthastla  sp. 

210 

0 

Procladlus  sp. 

1,743 

1,767 

Psectrocladlus  sp. 

0 

57 

Stlctochlronomus  sp. 

0 

387 

Tany tarsus  sp. 

77 

172 

AMPHIPODA 

Hyalella  azteca 

2,919 

1,547 

Gammarus  sp. 

70 

176 

ISOPODA 

Asellus  sp. 

35 

1,075 

Llrceus  sp. 

490 

687 

HYDRACARINA 

112 

121 

TURBELLARIA 

63 

77 

GASTROPODA 

Amnicola  sp. 

63 

1,261 

Ferrlssla  sp. 

0 

63 

Gyraulus  sp. 

49 

0 

Hellsoma  sp. 

21 

0 

Physa  sp. 

42 

28 

Valvata  sp. 

21 

Continued 
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Table  A9 .  Concluded 


STATION 

TAXA 

3M  DEPTH 

VEGETATED 
LITTORAL  ZONE 

PELECYPODA 

Pisldlum  sp. 

0 

7 

Sphaerlum  sp. 

63 

0 

HIRUDINEA 

0 

72 

OLIGOCHAETA 

994 

1,012 

OSTRACODA 

1,050 

5,611 

NEMATODA 

420 

0 

TOTAL 

17,292 

28,427 

Table  AlO.  Abtmdance  estimates  (number /m  )  for  benthic  macroinvertebrates 
collected  from  Navigation  Course  5,  St.  Marys  River  during 
March  1981. 


TAXA 


NAVIGATION  CHANNEL 


EPHEMEROPTERA 

Hexagenla  sp. 

TRICHOPTERA 

Polycentropus  sp. 


DIPTERA 

Empldldae 
Chiron omldae 

Cladotany tarsus  sp, 
Crlcotopus  sp. 

Lars la  sp. 
Orthocladlus  sp. 


4 

196 

4 

122 


AMPHIPODA 

Hyalella  azteca 

HYDRACARINA 


POLYCHAETA 

Manayunkla  sp. 


10 


OLIGOCHAETA 


25 


TOTAL 


385 
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Table  All.  Abundance  estimates  (number /m  )  for  benthic  macroinvertebrates 
collected  from  Lake  George,  St.  Marys  River  during  April  1981. 


_ STATION _ 

VEGETATED 

TAXA _ 3M  DEPTH _ LITTORAL  ZONE 


EPHEMEROPTERA 
Ephemera  sp. 
Ephemerella  sp. 
Hexagenla  sp. 

TRICHOPTERA 

Mystacldes  sp. 
Neurocllpsls  sp. 
Phylocentropus  sp. 
Polycentropus  sp. 
Hydroptila  sp. 
Trlanodes  sp. 


63 

0 

784 


0 

65 

0 


14 

0 

56 

21 

0 

49 


0 

32 

0 

0 

65 

32 


DIPTERA 

Ceratopogonidae  308 
Tipulidae  0 
Chironomldae 

Ablabestnyla  sp. 

Crlcotopus  sp.  203 
Dlcrotendlpes  sp.  510 
Epoicocladlus  sp.  52 
Larsia  sp.  2,085 
Polypedllum  sp.  813 
Procladlus  sp.  203 
Psectrocladius  sp.  0 


Rheotany tarsus  sp.  0 
Stempellna  sp.  0 
Stlctochlronomus  sp.  52 

Continued 


0 

7 


0 

886 

443 

0 

0 

0 

0 

220 

1,106 

443 

0 
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Table  All.  Concluded 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

AMPHIPODA 

Hyalella  azteca 

14 

7 

Gammarus  sp. 

112 

0 

ISOPODA 

Asellus  sp. 

7 

0 

Llrceus  sp. 

301 

0 

TUKBELLARIA 

7 

0 

GASTROPODA 

Anmlcola  sp. 

28 

0 

Hellsoma  sp. 

7 

0 

Physa  sp. 

7 

0 

PELECYPODA 

Plsldium  sp. 

357 

0 

Sphaerlum  sp. 

56 

0 

HIRUDINEA 

7 

0 

OLIGOCHAETA 

77 

467 

TOTAL 

6,600 

3,773 
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Table  A12.  Abundance  estimates  (number/m  )  for  benthic  macroinvertebrates 
collected  from  Lake  George,  St.  Harys  River  during  June  1981. 


STATION 


TAXA 

3M  DEPTH 

VEGETATED 
LITTORAL  ZONE 

EPHEMEROPTERA 

Ameletus  sp. 

0 

485 

Caenls  sp. 

231 

774 

Ephemera  sp. 

84 

0 

Hexagenla  sp. 

693 

0 

TRIPCHOPTERA 

Mystacldes  sp. 

21 

0 

Oecetls  sp. 

63 

0 

Phylocentropus  sp. 

21 

0 

LEPIDOPTERA 

Nymphula  sp. 

0 

21 

DIPTERA 

Ceratopogonldae 

63 

0 

Empldldae 

0 

7 

Chlronomldae 

Ablabesmyla  sp. 

273 

126 

Cladotany tarsus  sp. 

0 

4,257 

Corynoneura  sp. 

0 

7 

Crlcotopus  sp. 

0 

252 

Cryptochironomus  sp. 

861 

0 

Dlcrotendlpes  sp. 

0 

231 

Larsla  sp. 

210 

430 

Mlcrotendipes  sp. 

0 

86 

Parachlronorous  sp. 

105 

0 

Polypedllum  sp. 

483 

0 

Procladius  sp. 

504 

0 

Psectrocladlus  sp. 

0 

210 

Chlronomldae  pupae 

7 

21 

Continued 
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Table  A12.  Concluded 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

AKraiPODA 

Hyalella  azteca 

42 

557 

Gamnarus  sp. 

0 

43 

HYDRACARINA 

7 

63 

GASTROPODA 

Amnlcola  sp. 

1,197 

0 

Gyraulus  sp. 

21 

0 

Valvata  sp. 

84 

0 

PELECYPODA 

Anodonta  sp. 

7 

0 

Pisldlum  sp. 

1,491 

0 

OLIGOCHAETA 

1,365 

5,048 

TOTAL 

7,833 

12,618 
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Table  A13.  Abundance  estinaces  (nuntber/o^)  for  benthic  nacrolnvertebrates 
collected  from  Lake  George^  St.  Marys  River  during  August  1981. 


_ TAXA _ 3M  DEPTH 

EFHEMEROPTERA 

Caenls  sp.  0 

Ephemera  sp.  0 

Hexagenla  sp.  686 


TRICHOPTERA 

Phryganea  sp.  56 
Phylocentropus  sp.  56 
Platycentropus  sp.  0 
Polycentropus  sp.  0 
Trlanodes  sp.  0 


HEMIPTERA 

Trlchocorlxa  sp.  0 
Immature  Corlxldae  0 
Notonecta  sp.  0 


COLEOPTERA 

Dlneutus  sp.  0 


ODONATA 

Arlgomphus  sp. 
Enallagma  sp. 
Eplcordulla  sp. 
Llbellula  sp. 

DIPTERA 


Ceratopogonldae 

105 

Chlronomldae 

Ablabesmyla  sp. 

294 

Clir.ct2r!ypu8  sp. 

0 

Continued 


0 

0 

0 

0 


STATION _ 

VEGETATED 
LITTORAL  ZONE 


71 

21 

0 


0 

0 

21 

43 

7 


70 

42 

7 


21 


7 

7 

7 

7 


21 

224 

7 
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Table  A13.  Continued 


STATION 


TAXA 

3M  DEPTH 

VEGETATED 
LITTORAL  ZONE 

Cryptochlronomus  sp* 

63 

86 

Olcrotendlpee  sp. 

0 

84 

Epolcocladlus  sp. 

35 

0 

Polypedllum  sp. 

434 

392 

Procladlus  sp. 

189 

21 

Psectrocladlus  sp. 

273 

507 

Stlctochlronomus  sp. 

0 

265 

Chlronomldae  pupae 

14 

7 

AMPHIPODA 

Hyalella  azteca 

378 

273 

Ganmarus  sp. 

0 

7 

ISOPODA 

Asellus  sp. 

14 

35 

Llrceus  sp. 

504 

0 

HYDRACARINA 

28 

162 

TURBELLARIA 

0 

43 

GASTROPODA 

Annlcola  sp. 

196 

0 

Gyraulus  sp. 

0 

7 

Physa  sp. 

14 

42 

PELECYPODA 

Plsldlun  sp. 

42 

0 

Sphaerlum  sp. 

196 

0 

HZRUDINEA 

0 

64 

Continued 
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Table  A13.  Concluded 


* 

STATION 

TAXA 

3M  DEPTH 

VEGETATED 
LITTORAL  ZONE 

- 

OLIGOCHAETA 

1,092 

2,730 

OSTRACODA 

0 

14 

TOTAL 

3,619 

4,584 

236 
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Table  AlA.  Abundance 
collected 

estimates  (number /m^) 
from  Lake  George,  St. 

for  benthic  macroinvertebrates 
Marys  River  during  October  1981. 

/ 

TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

EFHEMEROPTERA 

Caenls  sp. 

63 

898 

Ephemera  sp. 

98 

21 

Hexagenla  sp. 

161 

43 

Leptophlebla  sp. 

210 

42 

TRICHOPTERA 

Hellcopsyche  borealis 

0 

21 

Molanna  sp. 

7 

0 

Mystacidcs  sp. 

112 

0 

Oecetis  sp. 

21 

70 

Phryganea  sp. 

21 

0 

Phylocentropus  sp. 

70 

0 

Polycentropus  sp. 

147 

21 

Setodes  sp. 

21 

0 

Trianodes  sp. 

35 

0 

ODONATA 

Arigomphus  sp. 

0 

107 

Ashna  sp. 

0 

42 

Enallagma  sp. 

0 

113 

LEPIDOPTERA 

Nymphula  sp. 

7 

21 

DIPTERA 

Ceratopogonidae 

112 

903 

Chlronomidae 

Continued 
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Table  A14.  Continued 


STATION 


TAXA 

3M  DEPTH 

VEGETATED 
LITTORAL  ZONE 

Ablabesmyla  sp. 

252 

881 

Cladotany tarsus  sp. 

0 

3,870 

Cllnotanypus  sp. 

0 

344 

Cryptochlronomus  sp. 

21 

0 

Dlcrotendlpes  sp. 

630 

1,290 

Endochironomus  sp. 

0 

7 

Larsla  sp. 

287 

7,510 

Para tany tarsus  sp. 

0 

21 

Polypedllum  sp. 

350 

210 

Procladlus  sp. 

63 

917 

Psectrocladlus  sp. 

0 

210 

Stlctochlronomus  sp. 

0 

229 

Tany tarsus  sp. 

0 

86 

Trlbelos  sp. 

0 

161 

AMPHIPODA 

Hyalella  azteca 

2,436 

1,023 

Gammarus  sp. 

21 

^3 

ISOPODA 

Asellus  sp. 

112 

215 

Llrceus  sp. 

259 

0 

HYDRACARINA 

273 

28 

TURBELLARIA 

84 

0 

GASTROPODA 

Amnlcola  sp. 

420 

0 

Gonlobasls  sp. 

7 

0 

Continued 
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Table  AlA.  Concluded 


I 


4 


• 

TAXA 

3M  DEPTH 

STATION 

VEGETATED 

LITTORAL  ZONE 

■  Gyraulus  sp. 

21 

0 

Physa  sp. 

42 

0 

Valvata  sp. 

0 

43 

PELECYPODA 

Pisidlum  sp. 

189 

0 

Sphaerlum  sp. 

1,456 

21 

HIRUDIMEA 

7 

21 

OLIGOCHAETA 

1,344 

5,117 

OSTRACODA 

0 

6,086 

NEMATODA 

0 

1,490 

TOTAL 

9,359 

32,125 
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2 

Table  Al5.  Abundance  estimates  (nuiid>er/m  )  for  benthic  nacrolnvertebrates 
collected  from  Lake  George,  St.  Marys  River  during  December 
1981. 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

EFHEMEROPTERA 

Caenls  sp. 

168 

2,780 

Ephemera  sp. 

539 

0 

Hexagenla  sp. 

1,869 

21 

Leptophlebla  sp. 

35 

253 

TRICHOPTERA 

Mystacldes  sp. 

21 

0 

Oecetls  sp. 

14 

29 

Oxyethira  sp. 

0 

21 

Phylocentropus  sp. 

21 

0 

Polycentropus  sp. 

189 

122 

Trlanodes  sp. 

21 

0 

HEMIPTERA 

Trichocorixa  sp. 

0 

217 

ODONATA 

Enallagma  sp. 

0 

21 

Libellula  sp. 

0 

7 

LEPIDOPTERA 

Nymphula  sp. 

0 

1,120 

DIPTERA 

Ceratopogonldae 

1,120 

2,389 

Chlronomldae 

Continued 
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3,675 

336 


3,223 

683 


Table  A15.  Continued 


4 


TAXA 

3M  DEPTH 

STATION 

VEGETATED 
LITTORAL  ZONE 

Dlcrotendlpes  sp. 

378 

215 

Endochlronomus  sp. 

0 

86 

Paratany tarsus  sp. 

273 

2,201 

Polypedllun  sp. 

5,229 

4,514 

Potthastla  sp. 

63 

0 

Procladlus  sp. 

1,302 

1,099 

Psectrocladlus  sp. 

0 

1,890 

Smlttla  sp. 

0 

7 

Stlctochlronomus  sp. 

0 

21 

AMPHIPODA 

Hyalella  azteca 

742 

1,362 

Gammarus  sp. 

0 

21 

iSOPODA 

Asellus  sp. 

0 

484 

Llrceus  sp. 

42 

427 

HYDRAC ARINA 

91 

21 

TURBELLARIA 

7 

72 

GASTROPODA 

Amnlcola  sp. 

105 

353 

Ferrlssla  sp. 

0 

1,050 

Gyraulus  sp. 

0 

43 

Valvata  sp. 

7 

14 

PELECYPODA 

Sphaerlun  sp. 

42 

210 

Continued 


Table  A15.  Concluded 


STATION 

TAXA 

3M  DEPTH 

VEGETATED 
LITTORAL  ZONE 

BIRUDINEA 

0 

7 

OLIGOCHAETA 

1,722 

11,493 

TOTAL 

18,011 

36,476 
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Appendix  B.  Measuretoents  of  height »  nuiiibeT»  and  blonaaa  of  submerged  and 
emergent  aquatic  plants  In  the  St.  Marys  River  during  1961. 


Tabu  Bl.  NMaureMKta  fro«  Inahora  portion  of  Sclrpua  acutua  bad  on  Laka  Georg*  tranaaet  in  IMl.  Haan  valuea  glaan  in  tha  tabla 
Hhare  two  antrlaa  arc  nada  In  a  coluaai  for  a  date,  tha  aadond  la  1  atandard  arrori  n  •  10. 
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Table  B3.  Meaaurcmita  (raai  laoetaa  rIparU  bad  on  Lake  Georqa  tranaact  la  1981.  Naan  valnaa  «l«an  in  tha  tabla.  Hhara  tw  antrias  ara 
Mda  In  a  coluan  for  a  date,  tha  aacoiid  la  1  atandard  arcori  n  >  lO. 


2A5 


Spaclaa  daalqnatad  aa  Pr  •  Potaawgaton  robblnall.  Nf  -  Mltalla  flaallla.  Nt  -  Nrrloiihrllit  tannnU«». 
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Table  B6.  NeaaureMnte  froa  offahore  portion  of  Scirpue  aaericenee  bad  on  Uka  Nicolat  tranaact  in  1981.  Naan  valuaa  alvan  In  tha  table. 
Hhera  two  entries  are  auda  In  a  coljan  for  a  data,  the  second  la  1  standard  arrori  n  -  10. 
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2A9 
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Table  BIO.  aiaawss  of  aquatic  uacroiihytaa  taken  on  tranaocta  along  Uia  edge  of  tba  Upbound  Naablah  Channel  on 
Aoguat  IS,  1981. 


I 


X  >•  9> 

«  u 

X  O 


fi  >•  K 

1  ^  4* 

Cm  mi  ^ 

Si 


M  m 

tfi  «A  m 


^  o»  m 

*6  M  m 


0  0  0 
^  >8  >8 
la? 


»  «  ^  9 

•4  ^  9  5 


•  €  m  m 

4i  4t  M  4> 

a  aS  a8  aa8  oaS 

m  u  w4  u  u  m  H  u  m  y 

^  ^  41  mi  4t  m  mi  4t  m  mi  4t 

S  8^  fi.S  <98^  *28^ 

^  m  mi  X  p«  M  mi 

%i  %i  m  <M«  m 

mi  mi  mi  94  m4  mi 

0  0  mi  0  mi  0  mi  0i  0  mi 


mi  mi  U  M  MU 

mi  mi  0  mi  0  m  0 
K  KM  KM  KM 


5  a-  a-  la-*  |a-  s  ai  zi  zi 

<wk.a<uao«<ao«<a  ».iMVaaTS».15 

mmmmmm  mmm 

KKMKm9Km9K*^  K  09  09  09 

MMfMf^Mf  Mf  mm  m  M 

M  M&M  &  KmA  KM&  M  MK  MK  MK 

•  •{CkCwoSSoIC  •••SoboS 

4*  4t  mi  4t  mi  0  44  mi  0  44  mi  £  4t  44  0  44  0  44  0 

S  mZ  tZ  6S£  6S£  S  IS  36  S6  36 


9  9  9  9 


252 


253 


Appendix  C.  Collection  records  for  each  larval  fish  sampling  date  Including 
station,  gear  type,  time,  volume  filtered,  and  density  of  larvae, 
St.  Marys  River,  1981.  (Total  larval  density  for  each  sample 
may  not  equal  the  sum  of  densities  for  all  species  due  to 
rounding  of  numbers.) 


Table  Cl.  Density  (No./lOO  m^)  of  ichthyoplankton  collected  in  pull  net  collections  (P)  in  the  littoral 
zone  of  the  St.  Marys  River,  Station  5  and  Lake  George,  9  April,  1981. 


Table  C3.  Density  (No./ 100  m  )  of  Ichthyoplankton  collected  in  0.5  m  net  collections  near  nacrophyte 
beds  (S)  and  In  1.0  m  net  collections  In  the  navigation  channel  (C) ,  Station  5,  St.  Marys 
River,  9  April,  1980. 
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Table  C5.  Density  (No./lOO  m^)  of  Ichthyoplankton  collected  In  0.5  m  net  collections  near  nacrophyte 
beds  (S)  and  In  1.0  m  net  collections  In  the  navigation  channel  (C),  Station  9,  St.  Marys 
River,  10  April,  1980. 
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Time  (h)  1636  1645  TOTAL  1610  -  TOTAL 

Volume  filtered  (m^) _  46.4 _ 46.0 _ 92.4 _ 68.3 _ 93 .4 - ^.6 V»7 
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TOTAL 


Table  C8.  Density  (No./lOO  m'^)  of  ichthyoplankton  collected  In  0.5  m  net  collections  near  nacrophyte 
beds  (S)  and  In  1.0  m  net  collections  In  the  navigation  channel  (C) ,  Station  5,  St.  Marys 
River,  13  April,  1981. 
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Table  CIO.  Density  (No./lOO  m  }  of  Ichthyoplankton  collected  in  0.5  m  net  collections  near  Microphyte 
beds  (S)  and  In  1.0  m  net  collections  In  the  navigation  channel  (C) ,  Station  9«  St.  Marys 
River,  13  April,  1981. 
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Table  C12.  Density  (No./lOO  m^)  of  ichthyoplankton  collected  In  pull  net  collections  (P)  in  the  littoral 
zone  of  the  St.  Marys  River,  17  April,  1981. 
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Table  Cl 5.  Density  (No./ 100  m^)  of  Ichthyoplankton  collected  in  0.5  m  net  collections  near  macrophyte 
beds  (S)  and  in  1.0  m  net  collections  in  the  navigation  channel  (C) ,  Station  9,  St.  Marys 
River,  17  April,  1981. 
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Table  C17.  Density  (No./ 100  m^)  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone  of  the  St.  Marys  River,  20  April,  1981. 
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Table  C 19.  Density  (No./lOO  m^)  of  ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone  and  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  Station  5,  St.  Marys  River, 

4  May,  1981. 
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Table  C21.  Density  (No./lOO  m^)  of  Ichthyoplankton  collected  In  pull  net  collections  (?)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1,0  m  net  collections  In 
the  navigation  channel  (C) ,  Station  9,  St.  Marys  River,  5  May,  1981. 


I  5 


CM 

1 

in 

o 

U 

CM 

• 

T 

iBd 

CM 

Oi 

CM 

I  m  o 

VC4  • 
Os  CM 


H  vO 
8  = 


O  O  <-4 
Ol  V 


0  0^0 


o  o  o^  ^ 
cv 


e 

o 

•H 

4J 

CM 

1 

in 

SO 

a 

CO 

• 

u 

1 

00 

M 

9> 

CM 

m 

vo  o\  o  *-• 

CM 


O  O 


1 

m 

Ov 

Cfl 

• 

1 

n- 

a\ 

CM 

m 

1 

CM 

CM 

ON 

1 

e 

O' 

CM 

CO 

in  m  O 


m  m  o 

CM  ^ 


o  o  o  I 

«n  CM  1  1^ 


o  o  o  o  I  o 


o 

H  >! 


u  V  ^  u 
n  b  3 

•rt  «  3  O 

U  «  (>. 


.  e  . 

O  "H  ^ 
2  00 
wo  0> 
e  ^ 
« 

4J  •> 
•H  « 

n  v  ig 
c  B  X 
w  o 

Q  N  <4- 


^  srI 


CM  \0 
CM  >.» 


OJ  O  r* 

I  o 

U  CM 
J  CM  ^ 


CM 

it  CM 
I  fO 

o-d  • 

CM  ^ 


t*4  V? 

s  S 


1 1 


266 


Larvae 


Table  C23.  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  In 
the  navigation  channel  (C) ,  Station  5,  St.  Marys  River,  14  May,  1981. 
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Table  C25.  Density  (No./lOO  m^)  of  Ichthyoplankton  collected  in  pull  net  collections  (P),  In  0.5  n  net 
collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  ^n  the  navigation 
channel  (C) ,  Station  9,  St,  Marys  River,  14  May,  1981. 
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Table  C26,  Density  (No./lOO  m  ;  of  Ichthyoplankton  collected  In  pull  net  collections  (P),  In  0.5  m  net 
collections  near  macrophyte  beds  (S) .  and  In  1*0  m  net  collections  In  the  chanh6l  (C) » 

Lake  George,  St.  Marys  River,  14  May,  1981. 
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Table  C27,  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  In 
the  navigation  channel  (C) ,  Station  5,  St.  Marys  River,  21*  and  26  May,  1981. 
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Table  C29.  Density  (No./lOO  m^)  of  ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone,  In  0.5  tn  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  in 
the  navigation  channel  (C) ,  Station  9,  St.  Marys  River,  21*  and  26  May,  1981. 
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Table  C33.  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.3  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  9,  St.  Marys  River,  9  June,  1981. 
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Table  C34.  Density  (No./lOO  in'*)  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  in 
the  channel  (C),  Lake  George,  St.  Marys  River,  9  June,  1981. 
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Table  C36.  Density  (No./lOO  m  )  of  ichthyoplankton  collected  in  pull  net  collections  (P)  In  the  littoral 
zone,  in  0.5  m  net  collections  near  macrophyte  beds  (S),  and  in  1.0  n  net  collections  In  the 
navigation  channel  (C) ,  Station  7,  St.  Marys  River,  23  June,  1981. 


Table  C37.  Density  (No./ 100  m^)  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone»  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  9,  St.  Marys  River,  23  June,  1981. 


Table  C38.  Density  (No./lOO  m'^)  of  ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  In  the 
channel  (C) ,  Lake  George,  St.  Marys  River,  23  June,  1981. 
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Table  C39.  Density  (No./lOO  m'^)  of  ichthyoplankton  collected  in  pull  net  collections  (P)  in  the  littoral 
zone.  In  0.5  tn  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  5,  St.  Marys  River,  7  July,  1981. 
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Table  C40.  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  in  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  7,  St.  Marys  River,  7  July,  1981. 
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Table  C41,  Density  (No./lOO  m^)  of  ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone,  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collations  In  the 
navigation  channel  (C) ,  Station  9,  St.  Marys  River,  7  July,  1981. 
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Table  C42,  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  In  the 
channel  (C),  Lake  George,  St.  Marys  River,  7  July,  1981. 


* 


V  V  V  V  V 


. 

ir» 

CM  O 
CM  t-l 


•-•OOMOOwocmO^O'^ 
V  V  V  V 


r- 

• 

CM 

CM  O 
CM  ^ 


0lC)CM'^000'^'-<00CM 
V  V  V 


53  '®. 


^  ^  ^  V 


cs 

1 

1 

M 

0\ 

ir\ 

1 

e 

u 

CM 

00 

CM 

OO^^’^OOCNJCMOOOOO 

^  p«4 


o 

♦ 

CM 

fs  m 


OOO<--tOO\0r^O0sCN4O 

^  ^  ,-4  CM 


^  o 


ooo>n«nou-(0‘^ooo 

CM  CM  CM  o 


CM 

1 

1 

o> 

1 

<N 

o 

o 

CM 

s 

ij 

CM 

CM 

oooooooooooo 
o  m  o  o  m 


A< 

CO 

1 

CM 

c 

U 

CM 

s 

•J 

CM 

CM 

oooooooooooo 

ko  ir>  m  ir> 

sr  ^ 


X. 

0) 

e 

0)  a 
B  -) 
•H  O 
H  > 


% 

0)  u  "e 

e  n  iH 

t  <s 
(0 
X 


•H 

M 

V 

X 

V 

0} 

VI 

V 

•o 

M 

Vi 

9 

« 

0) 

n 

(d 

V 

a 

•o 

B 

c 

m 

•o 

a 

US 

n 

•H 

O 

•H 

(S 

u 

« 

e 

VI 

o. 

X 

» 

u 

•o 

a 

T( 

(0 

(0 

e 

o 

V 

■H 

a 

o. 

h 

o 

0) 

e 

iH 

D. 

U 

VI 

Vi 

a 

VI 

e 

u 

j: 

60 

Vi 

VI 

« 

►, 

e 

q 

o 

0) 

O 

0) 

o 

U 

o 

u 

2 

BS 

•-) 

o 

282 


Table  CA3.  Density  (No./lOO  m^)  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  5,  St.  Marys  River,  20  July,  1981. 


Table  C44.  Density  (No./lOO  m  )  of  ichthyoplankton  collected  in  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  7,  St.  Marys  River,  20  July,  1981. 
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Table  C46.  Density  (No./lOO  m"^)  of  ichthyoplankton  collected  in  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
channel  (C),  Lake  George,  St.  Marys  River,  21  July,  1981. 


H 

O 

H 


CM 

•  00 

Vm  • 

S  ^ 


I  00  ^ 

a  • 

I  CM  ^ 
O  CM  ^ 


S  ON 
H  00 


NO  rNl  O  O  ^ 

CM  V 


O  ^ 
V 


o 

U 

CM 

fO 

1 

00 

u 

M 

1 

CM 

ts 

CM 

I  00  r» 
w  • 

I  cs 
O  CM  -tf 


^  NO 

S  NO 
H 


CM 

1 

in 

Oi 

o 

00 

1 

CM 

e 

CM 

CM 

•a-cM-a-NOO^^oco.HOOl-^ 
CM  V  V  V 


00cOvO«r»oo*a-O*a'eMO^ 

CM  ^  V 


eo^-HsfoooooO'-'O 

ID  vO 


(DCMOnOOOOOOOOO  <-• 
.H  <D 


CMOCMCMOOOOOOCMO  NO 


OOO>3-OOO0NO-^«a-0 
o  "O’  00  NO  ^ 

00  <-•  vO  (M 


OOOtnOOO-^Ol^l^O 
On  O  O 

CD  NO  ^ 

CM 


000«»>DOOr^O'»^0 
^00  O 

CM  CM  >-<  I'.  CD 


g> 

«  § 

H  > 


U 

•H 

Vi 

Q> 

JJ 

01 

0) 

CD 

£ 

0) 

. 

U 

e 

« 

•o 

u 

a 

Vi 

• 

03 

n 

•H 

Vi 

V 

0) 

e 

a 

•o 

6 

W 

e 

•u 

j: 

03 

Q) 

o 

a 

•H 

n 

u 

IM 

O 

e 

4J 

1 

a 

•H 

>N 

u 

•a 

03 

M 

•H 

m 

4J 

0) 

B 

c 

V 

•H 

0 

41 

% 

c 

O. 

Vi 

o 

n 

4) 

5 

e 

a 

U 

u 

CO 

s 

fM 

u 

a 

4J 

o 

e 

a 

£ 

00 

Vi 

4J 

> 

(d 

cd 

►n 

CD 

Vi 

« 

o 

o 

V 

O 

u 

< 

S 

u 

u 

H 

2 

iJ 

-) 

■J 

a 

u 

286 


total  2643  3179  2911 


Table  C47.  Density  (No/100  iu)  of  Ichthyoplankton  collected  in  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  In  the 
navleatlon  channel  (C) .  Station  5.  St.  Harys  River,  4  August,  1981. 
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Table  CAS.  Density  (No./ 100  tn^)  of  Ichthyoplankton  collected  in  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  7,  St.  Marys  River,  A  August,  1981. 
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Table  C49.  Density  (No./lOO  m  )  of  ichthyoplankton  collected  In  pull  net  collections  (P),  .In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  in  1.0  m  net  collections  in  the 
channel  fcK  Station  9.  St.  Marys  River,  4  August,  1981. 


Table  C50.  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  in  1.0  m  net  collections  In  the 
channel  (C) ,  Lake  George,  St.  Marys  River,  4  August,  1981. 


Table  C51,  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  in  1.0  m  net  collections  In  the 
navieatlon  channel  (C).  Station  5,  St.  Marys  River,  24  August,  1981. 


Table  C52.  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  in  the  littoral 
zone,  in  0.5  tn  net  collections  near  macrophyte  beds  (S).  and  in  1.0  m  net  collections  <n  the 


Table  C53.  Density  (No./lOO  m^)  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  in  the  littoral 
zone,  in  0.5  m  net  collections  near  macrophyte  beds  (S),  and  in  1.0  m  net  collections  in  the 
navigation  channel  (C),  Station  9,  St.  Marys  River,  24  August,  1981. 


Table  C54.  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone,  in  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
channel  (C),  Lake  George,  St.  Marys  River,  24  August,  1981. 
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Table  C55.  Density  (No./lOO  m^)  of  ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C),  Station  5,  St.  Marys  River,  10  September,  1981. 
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Table  C57,  Density  (No./ 100  m  )  of  Ichthyoplankton  collected  in  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  in  the 
navigation  channel  (C) ,  Station  9,  St.  Marys  River,  10  September,  1981. 
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Larvae 


Table  C 59.  Density  (No./ 100  m^)  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  in  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S) ,  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  5,  St.  Marys  River,  28  September,  1981. 
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Larvae 


Table  C61.  Density  (No./lOO  m  )  of  Ichthyoplankton  collected  In  pull  net  collections  (P)  In  the  littoral 
zone.  In  0.5  m  net  collections  near  macrophyte  beds  (S),  and  In  1.0  m  net  collections  In  the 
navigation  channel  (C) ,  Station  9,  St.  Marys  River,  28  September,  1981. 
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TOTAL 


3 

APPENDIX  D.  Spatial  and  teaiporal  occurrences  of  larval  fish  (no./lOO  m  ) 
collected  in  the  St.  Harys  River*  1981.  (Refer  to  Table  6 
in  text  for  dates  of  week  1*  week  2*  etc.) 


Table  Dl.  Spatial  and  temporal  occurrence  of  rainbow  smelt  larvae  (No./ 100  m  )  collected  In  the 
St.  Marys  River,  1981. 
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Table  D2.  Spatial  and  temporal  occurrence  of  cyprlnld  larvae  (No./lOO  m^)  collected  In  the  St. 
Marys  River,  1981. 
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Table  D3.  Spatial  and  temporal  occurrence  of  catoatomld  larvae  (No./ 100  m  )  collected  In  the  St.  Marys 
River,  1981. 
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Table  D4.  Spatial  and  temporal  occurrence  of  burbot  larvae  (No./ 100  m'^)  collected  in  the  St.  Marys 
River,  1981. 
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Table  D5.  Spatial  and  temporal  occurrence  of  Lepomls  sp.  larvae  (No./ 100  m  )  collected 
in  the  St,  Marys  River,  1981. 
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Table  D6.  Spatial  and  temporal  occurrence  of  logperch  larvae  (No./lOO  m  )  collected  In  the  St.  Marys 
River,  1981. 
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Table  D7.  Spatial  £md  temporal  occurrence  of  yellow  perch  larvae  (No./lOO  m  )  collected  in  the  St.  Marys 
River,  1981. 
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Table  D8.  Spatial  and  temporal  occurrence  of  johnny  darter  larvae  (No./lOO  m  )  collected  In  the 
St.  Marys  River,  1981. 
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Table D9.  Spatial  and  temporal  occurrence  of  carp  larvae  (No./lOO  m  )  collected  In  the  St.  Harys 
River,  1981, 
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Table  Dll.  Spatial  and  temporal  occurrence  of  cisco  larvae  (No./lOO  m  )  collected  In  the  St*  Marys 
River,  1981. 
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Table  D12.  Spatial  and  temporal  occurrence  of  lake  whlteflsh  Ir.rvae  (No,/ 100  m^)  collected  In  the 
St.  Marys  River,  1981. 


APPENDIX  E.  Weekly  ranges  of  physical/chemical  parameter  measurements 
taken  In  the  St.  Marys  River  during  1981. 


Table  El.  Weekly  ranges  of  physical/chenlcal  parameter  measurements 
taken  In  Course  5,  St.  Marys  River,  from  5  April  through 
5  December,  1981. 


Dissolved  Dissolved 


Date 

Oxygen 

(ppm) 

Turbidity 

(NTU) 

pH 

(S.U.) 

Solids 

(ppm) 

4/5  - 

-  4/11 

2.2  -  6.0 

__ 

4/12 

-  4/18 

13.4  -  13.7 

2.0  -10.0 

7.0  -  7.2 

60  -  65 

4/19 

-  4/25 

13.1 

4.0  -15.0 

7.1  -  7.4 

55  -  65 

4/26 

-  5/2 

12.4  -  13.1 

1.1  -  1.6 

7.3  -  7.4 

61  -  63 

5/3  - 

-  5/9 

10.3  -  11.6 

1.8  -  2.6 

7.1  -  7.2 

57  -  65 

5/10 

-  5/16 

11.9 

0.6  -  2.1 

7.2  -  7.4 

64  -  67 

5/17 

-  5/23 

11.6  -  12.1 

0.8  -  1.1 

7.1  -  7.3 

59  -  63 

5/24 

-  5/30 

11.4 

0.9  -  1.6 

7.3 

58 

5/31 

-  6/6 

11.2  -  11.3 

0.9  -  9.4 

7.3 

58  -  61 

6/7  - 

•  6/13 

10.4  -  11.4 

1.4  -  2.7 

7.3  -  7.4 

52  -  58 

6/14 

-  6/20 

10.1 

0.7 

6.8 

55 

6/21 

-  6/27 

10.5 

2.3  -  2.5 

6.7  -  7.2 

56  -  60 

6/28 

-  7/4 

10.0  -  10.3 

3.0  -  4.9 

7.6 

60 

7/5  - 

-  7/11 

9.9  -  10.8 

1.3  -  3.1 

6.6  -  7.1 

55  -  62 

7/12 

-  7/18 

— 

— 

— 

— 

7/19 

-  7/25 

9.7 

1.4  -  2.4 

6.9  -  7.6 

55  -  57 

7/26 

-  8/1 

9.2  -  9.8 

2.4  -  2.8 

7.9  -  8.2 

57 

8/2  - 

-  8/8 

9.3  -  9.4 

1.4  -  4.0 

7.3  -  7.9 

53  -150 

8/9  ■ 

-  8/15 

3.5  -  9.6 

1.3  -  2.3 

6.6  -  7.4 

51  -  76 

8/16 

-  8/22 

9.9 

3.1  -  3.5 

7.1  -  7.3 

60  -  68 

8/23 

-  8/29 

9.8  -  10.2 

1.3  -  2.5 

7.1  -  7.2 

55  -  61 

8/30 

-  9/5 

11.1 

1.5 

6.9 

63 

9/6  - 

-  9/12 

9.4  -  10.0 

1.6  -  6.4 

6.8  -  7.1 

55  -  61 

9/13 

-  9/19 

8.2  -  9.8 

2.4  -  2.6 

6.9  -  7.5 

55  -  59 

9/20 

-  9/26 

9.5  -  10.4 

2.3  -  2.6 

5.4  -  5.9 

54  -  60 

9/27 

-  10/3 

8.6 

1.5  -  2.5 

4.9  -  6.6 

55  -  58 

10/4 

-  10/10 

6.6  -  11.4 

2.5  -  5.2 

6.1  -  6.8 

53  -  65 

Continued 
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Table  E 1 .  (Concluded) 


Date 

Dissolved 

Oxygen 

(ppm) 

Turbidity 

(NTU) 

pH 

(S.U.) 

Dissolved 

Solids 

(ppm) 

10/11  -  10/17 

11.3 

4.7 

6.6 

55 

10/18  -10/2A 

8.8  -  11.3 

2.0  -  18.0 

6.3  -  7.2 

49  -  142 

10/25  -  10/31 

11.4  -  12.0 

5.4  -  8.5 

6.6 

62  -  65 

11/1  -  11/7 

— 

— 

— 

— 

11/8  -  11/14 

12.6  -  13.0 

2.6  -  3.6 

6.6 

70  -  121 

11/15  -  11/21 

— 

— 

— 

— 

11/22  -  11/28 

— 

— 

— 

— 

11/29  -  12/5 

11.4  -  12.8 

1.7  -  3.5 

6.3  -  6.4 

58  -  61 
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Table  E2.  Weekly  ranges  of  physical /chemical  parameter  measurements 
taken  In  the  Middle  Neeblsh  Channel,  St.  Marys  River, 
from  5  April  through  21  November,  1981. 


Dissolved  Dissolved 

Oxygen  Turbidity  pH  Solids 

Date  (ppm)  (NTU)  (S.U.)  (ppm) 


4/5  - 

-  4/11 

11.9  -  13.2 

1.6 

- 

6.7 

— 

— 

4/12 

-  4/18 

12.0  -  13.9 

3.9 

- 

5.2 

7.0  -  7.3 

55  -  65 

4/19 

-  4/25 

11.1  -  13.2 

1.5 

- 

2.1 

7.2  -  7.3 

60  -  62 

4/26 

-  5/2 

13.1  -  13.6 

1.0 

- 

1.1 

7.3 

64  -  67 

5/3  - 

-  5/9 

12.9  -  13.0 

1.4 

- 

3.1 

7.2  -  7.3 

60 

5/10 

-  5/16 

11.1  -  12.1 

0.6 

- 

1.9 

7.2  -  7.4 

59  -  65 

5/17 

-  5/23 

11.5  -  12.0 

0.8 

- 

2.3 

7.3 

59  -  65 

5/24 

-  5/30 

11.4 

1.1 

- 

1.3 

7.4 

56  -  58 

5/31 

-  6/6 

10.0  -  11.7 

0.9 

- 

1.7 

7.3 

58  -  61 

6/7  • 

-  6/13 

8.8  -  11.3 

1.2 

- 

1.8 

7.3  -  7.4 

55  -  59 

6/14 

-  6/20 

9.8  -  10.3 

2.0 

- 

2.5 

7.4 

55 

6/21 

-  6/27 

9.4  -  10.8 

1.7 

- 

2.5 

6.2  -  7.5 

51  -  60 

6/28 

-  7/4 

10.1  -  10.6 

1.6 

- 

2.4 

7.0  -  7.5 

55  -  60 

7/5  - 

-  7/11 

8.7  -  10.6 

1.7 

- 

3.7 

6.7  -  6.9 

60  -  70 

7/12 

-  7/18 

8.1  -  9.8 

2.0 

- 

3.7 

6.8  -  7.8 

51  -  58 

7/19 

-  7/25 

9.4  -  10.1 

1.6 

- 

2.2 

6.8  -  7.7 

52  -  64 

7/26 

-  8/1 

— 

- 

— 

- 

— 

— 

8/2  - 

■  8/8 

9.2  -  9.9 

2.0 

- 

6.8 

7.6  -  8.2 

52  -175 

8/9  - 

-  8/15 

— 

- 

— 

- 

— 

— 

8/16 

-  8/22 

9.0  -  10.2 

2.2 

- 

3.4 

6.7  -  7.3 

55  -  61 

8/23 

-  8/29 

9.7  -  10.2 

1.4 

- 

3.8 

7.0  -  7.6 

52  -  62 

8/30 

-  9/5 

10.5  -  10.6 

1.2 

- 

2.5 

7.0  -  7.1 

60  -  65 

9/6  - 

-  9/12 

9.8  -  10.4 

1.4 

- 

2.8 

6.9  -  7.1 

51  -  58 

9/13 

-  9/19 

9.3  -  9.9 

1.8 

- 

3.1 

6.5  -  7.2 

50  -  61 

9/20 

-  9/26 

8.8  -  10.5 

1.8 

- 

3.4 

6.1  -  7.4 

54  -  80 

9/27 

-  10/3 

5.7  -  10.6 

2.0 

- 

7.8 

4.8  -  6.5 

52  -  60 

10/4 

-  10/10 

• 

• 
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Table  E2.  (Concluded) 


Date 

Dissolved 

Oxygen 

(ppm) 

Turbidity 

(NTU) 

pH 

(S.U.) 

Dissolved 

Solids 

(ppm) 

10/11 

-  10/17 

9.9  -  11.2 

3.5  -  18.0 

6.2  -  6.6 

52  -  65 

10/18 

-  10/24 

— 

— 

— 

— 

10/25 

-  10/31 

— 

— 

— 

— 

11/1  - 

-  11/7 

11.4  -  12.6 

1.9  -  23.0 

6.3  -  7.1 

62  -158 

11/8  - 

-  11/14 

— 

— 

— 

— 

11/15 

-  11/21 

12.0  -  13.5 

1.4  -  2.2 

6.5  -  6.6 

62  -  71 
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Table  E3.  Weekly  ranges  of  physlcal/chemical  parameter  measurements 
taken  in  Lake  George,  St.  Marys  River,  from  5  April 
through  5  December,  1981. 


Date 

Dissolved 

Oxygen 

(ppm) 

Turbidity 

(NTU) 

pH 

(S.U.) 

Dissolved 

Solids 

(ppm) 

4/5  -  4/11 

12.8 

11.0  -  26.0 

— 

— 

4/12  -  4/18 

12.4  -  13.7 

2.0  -  10.0 

7.4  -  7.5 

60 

4/19  -  4/25 

— 

— 

— 

— 

4/26  -  5/2 

12.6  -  12.8 

2.0  -  2.8 

7.3  -  7.4 

61 

5/3  -  5/9 

9.5  -  11.7 

2.3  -  43.0 

7.2  -  7.3 

60  -  74 

5/10  -  5/16 

11.5 

3.0  -  9.6 

7.3 

64  -  65 

5/17  -  5/23 

11.5  -  12.9 

1.8  -  3.3 

7.3  -  7.4 

59  -  63 

5/24  -  5/30 

10.8 

2.8  -  6.7 

7.4  -  7.5 

57  -  59 

5/31  -  6/6 

10.8  -  11.8 

1.3  -  1.7 

7.3  -  7.4 

55  -  59 

6/7  -  6/13 

8.7  -  10.5 

4.5  -  19.0 

7.3  -  7.4 

51  -  60 

6/14  -  6/20 

9.9 

2.5 

6.2 

111 

6/21  -  6/27 

9.9 

2.2  -  7.4 

6.8  -  7.2 

56  -  61 

6/28  -  7/4 

8.7  -  10.4 

2.2  -  5.3 

7.4  -  7.8 

41  -  65 

7/5  -  7/11 

9.4  -  10.6 

2.8  -  5.5 

6.6  -  7.0 

56  -  65 

7/12  -  7/18 

— 

— 

— 

— 

7/19  -  7/25 

9.2 

1.7  -120.0 

7.6  -  7.8 

56  -  62 

7/26  -  8/1 

7.0  -  10.1 

3.8  -  17.0 

7.3  -  7.8 

59  -  68 

8/2  -  8/8 

9.9 

1.9  -  90.0 

7.5  -  8.4 

60  -  63 

8/9  -  8/15 

6.9  -  9.0 

2.7  -  15.0 

6.9  -  7.4 

65  -  79 

8/16  -  8/22 

9.1  -  10.5^ 

2.5  -  3.5 

7.0  -  7.3 

61  -  64 

8/23  -  8/29 

9.0  -  10.4 

1.8  -  13.1 

7.1  -  7.8 

58  -  62 

8/30  -  9/5 

6.4  -  9.9 

3.6  -  4.6 

6.9  -  7.2 

61  -  72 

9/6  -  9/12 

9.1  -  10.8 

1.5  -  4.6 

6.8  -  7.2 

53  -  59 

9/13  -  9/19 

9.2  -  10.3 

12.0  -  43.0 

7.0  -  9.2 

68  -  69 

9/20  -  9/26 

9.2  -  10.5 

2.0  -  2.7 

5.8  -  6.1 

62 

9/27  -  10/3 

10.5 

3.5  -  28.0 

5.0  -  6.2 

58  -  69 

10/4  -  10/10 

8.7  -  11.6 

2.8  -  35.0 

6.3  -  6.8 

57  -  62 
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Table  E3.  (Concluded) 


Date 

Dissolved 

Orygen 

(ppm) 

Turbidity 

(NTU) 

pH 

(S.U.) 

Dissolved 

Solids 

(ppo) 

10/11 

-  10/17 

10.5 

2.7 

6.9 

56 

10/18 

-  10/24 

9.1  -  10.9 

3.0  -  3.9 

6.8  -  7.2 

69  -  70 

10/25 

-  10/31 

11.5  -  12.6 

3.2  -  68.0 

6.3  -  6.9 

22  -112 

11/1  - 

■  11/7 

— 

— 

— 

— 

11/8  - 

-  11/14 

12.8  -  13.1 

3.4  -  5.0 

.  6.7 

132  -138 

11/15 

-  11/21 

— 

— 

— 

— 

11/22 

-  11/28 

— 

— 

— 

— 

11/29 

-  12/5 

13.1  -  13.2 

2.2  -  9.7 

7.1  -  7.6 

53  -  55 
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